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The  main  reason  leading  to  the  replacement  of  photographic  plates  by  CCD  detectors  in  wide 
field  telescopes  is  the  progressive  discontinuation  of  photographic  plates  by  Eastman  Kodak 
Ihe  second  &ctor  is  that  the  larger  and  larger  CCDs  are  manu&ctured,  and  the  price  of  large 
CCDs  is  deceasing.  It  becomes  posable  to  build  a  large  multi  CCD  camera  for  a  relatively  low 
price.  If  several  large  CCD  detectors  can  be  ad^ted  in  the  focal  plane  of  a  large  Schmidt 
telescope,  deeper  digital  images  can  be  obtained,  the  operating  cost  of  a  CCD  camera  is  also 
several  orders  of  magnitudes  smaller  than  that  of  glass  photographic  plates. 

This  can  also  open  new  ways  of  uring  Schmidt  telescopes,  Le.  real  time  detection  of  celestial 
sources.  This  project  has  been  mainly  oriented  toward  the  real  time  detection  of  Earth  Grazing 
Asteroids  (  EGA  ). 

Requirements  analysis 

The  first  step  is  to  determine  the  difi^ent  properties  of  the  electronic  ^^em  ( the  "controller" 

)  required  to  drive  several  CCDs  at  the  focal  plane  of  a  Schmidt  telescope.  These  are  examined 
in  detail  in  the  following  paragraphs. 


Schmidt  focal  sphere : 

A  typical  "big  Schmidt"  telescope  focal  plane  is  in  the  ord^  of  30  to  35  cm  wide  on  a  ride, 
with  a  focal  length  not  too  difierent  from  3.15  meters,  giving  a  scale  of  sHghtfy  larger  than  1 
arc  minute  per  mm,  or  15  microns  per  arc  second. 

hi  the  Schmidt  telescope  optical  design,  the  focal  locus  is  a  sphere,  and  this  means  that  the 
usual  photographic  plates  are  bent  in  a  special  diasris  in  order  to  obtain  siharp  images. 

In  order  to  use  flat  detectors  it  is  necessary  to  use  field  flattening  optics,  unless  the  detector  is  - 
itself  small  oiou^  to  intercept  a  part  of  the  ^ere  small  enou^  to  be  conridered  flat  ( 
typically  less  than  10  mm  wide  ). 

In  our  case,  the  CCDs  have  a  30.72mm  side  and  tins  would  lead  to  a  defocalisation  of +/-  37 
microns  across  the  CCD  diagonal  Such  a  defoc^sation  is  usualfy  cleaify  virible  in  fiicns 
plates,  and  could  cause  deteriorriion  of  image  point  ^read  function  (  psf  )  acro^  the  field 
\riudi  in  turn  could  give  inaccurades  in  psf  based  photometiy  ). 

Space  requirement : 

The  small  rize  of  CCD  detectors,  combined  with  the  large  size  of  the  camera  dewars  and 
electronics  have  prevented  their  use  inside  Sdumdt  telescopes  until  now  when  tedmology  and 
reduced  price  has  allowed  to  derign  multi  CCD  caineras  for  smaller  telescopes. 

The  groiq)  working  at  the  Univerrity  of  Tokyo  is  the  current  leader  in  the  developement  of 
multi  CCD  arrays  for  wide  field  telescopes  whh  an  array  of  8x8  IK  CCDs  in  use  at  Las 
Campanas  Observatory  in  Chile.  The  same  grorq)  is  also  involved  in  the  large  CCD  camera 
curroitiy  buih  for  the  Sloan  Digital  Sky  Survey. 


Flgftwhere,  \niiatt  CCDs  have  beea  xjsedjwith,  Sdrcaidt  tele^pes,  thQ^^have  beea 

conventioimal  observatory  cameras  used^c^o"  ^  the  “newtonian"  Schmidt  focus^  (  Brorfelde, 
CnO,  RPNO  )  ie.  the  camera  being  mount<^^pn  the  ade  the  tdescope's  tube,  and  die  optical 
path  being  sent  outade  the  optical  tube  by,a  flat  mkror  at  45“  angle,  or  at  the  Cassegrain  focus 

(  Uppsala  ),  an  hypeiboHc  mirror  biingii^jthe  optical  patii  behind  the  main  mirror. 

A  "true"  Schmidt  CCD  camera^  ie.  placed  direcdy  at  the  focal  plane,  cam  contain  many  large 
ch^s,  using  very  compact  etectronics  and  non  obstru^e  cooling  systems  Usual  cameras  are 
mounted  at  the  back  of  the  telescope,  and  ^ace  is  not  a  m^or  piroblem.  A  :^ical  plate  ho^er 
is  less  than  10  centimetres  thick,  and  cannot  generate  much  heat  in  the  optical  path  without 
affecting  the  quality  of  the  images.  . 

The  CCDs  can  be  mounted  in  individual  cold  boxes,  eadi  havmg  its  own  field  flattening  lens. 
They  can  also  be  abutted,  but  these  qpedalfy  made  CCD  ch^s  and  packages  are  usually  more 
expensive  flian  off  the  shelf  CCDs,  and  finally  the  CCDs  chips  can  be  mounted  on  a  single 
slicon  substrate.  For  cost  reasons,  we  have  chosen  die  first  approach. 

Budget  requirement : 

Because  these  telescopes  are  not  large  tdescppes  widi  inqiortant  budgets,  and  because  of  the 
high  price  of  the  technology  use^  it  is  inq>ortant  to  find  ways  td  substantial^  lower  the  price  of 
amuItiCCD  camera  so  as  to  be  able  to  convert  the  tdescope  from  photogr^lQ^  to  CCDs. 

For  exan5)le,  a  tjpical  price  fifr  a  thinned  2048*2()48  pixel  dup  from  Sn#Tektromx  is  in  the 
order  of  $80,000.  A  typical  <x>nmterdal  price  for  a  m^e  camera  controller  without  CCD  is  in 
die  order  of  $20,000  or  hi^fx.  The  conqilete  price  of  such  a  nmld  CCD  cainera  u^g 
commercial  hardware,  not  taking  into  account  the  price  of  the  assodated  computer  system 
could  easily  cost  several  years^ofdie  regdar  operating  budget  of  these  instrumeaatsi 
Procuring  9  large  CCDs  may  also  be  a  difEicuh  tads,  mainfy  if  die  CCDs  are  diihmed  back 
flhiminated  models.  We  chose  to  use  a  “catalog"  CCD,  ie.  one'i^ch  we  knew  we  could  order 
off  the  dielf  The  Loral  CCD442A  is  such  a  CCD.  While  grade  1  versions  cost  $20,000  each, 
grade  4  is  onfy  $2,000  a  piece,  and  we  frit  we  would  cover  more  sky  (  ie.  discover  more 
objects  )  uang  9  grade  4  dian  a  single  perfect  grade  1  ch^.  Our  experi^ce  has  shown  that 
most  of  these  grade  4  were  quite  useable  with^nty  a  small  numbers  of  defects,  excqit  one  chip 
which  we  win  have  to  replace. 

Mechanical  reonirmnent :  ' 

Since  fiat  field  correction  lenses  diould  be  used,  it  is  preferred  to  place  smaH  piano  convex 
Ibises  in  front  of  each  CCD  instead  of  a  single  large  l«is  which  would  introduce  a  nhuh  larger 
chromatic  aberration.  Flat  fielding  a  Schmidt  telescope  focal  plane  using  piano  convex  lenses  is 
a  technique  developed  almost  with  the  invention  of  the  Schmidt  telescope.  We  use  i^ca  piano 
ccmvex  lenses  of  1040  mm  radius  of  curvature.  Simulations  made  by  an  optician  at  the  O.CjL 


have  shown  that  distorsion  and  other  ^erraStons  created' hy  such  a  small^lens  are  ne^geable. 
Because  the  focal  sur&ce  of  a  Schniidt  telescope  is  ^heirical,  each  CCD  must  be  positioned 
piedsely  tangent  to  this  q)here.  This  involves  a  mi^anisni  able  to  move  predsely  the  CCD  in 
hftigbt  (  focus  ),  local  tilt  in  X  and  Y,  rot^im  (  in  order  to  get  the  CCD  Imes  oriented  in 
respect  of  the  right  ascenaon  and  dechnatioh  )-and  translatioh  m  X  arid  Y  in  order  to  place  the 
CCD  correctly  with  respect  to  the  other  CCDs  in  case  of  a  multi  C€D  camera. 

This  mechanism  has  to  be  relatively  CKm^aCf  in  order  to  fit  inade  fire  telescope's  focal  plane. 
This  can  be  done  rather  durmg  asseni%,  fire  CCDs  bdng  ^ed  in  place,  (  pr^erably  the  ri^t 
one  ),  or  the  CCDs  can  be  installed  on  adjustable  support,  whidr  can  be  accosted  afterwards  if 
necessary.  Test  images,  siniilar  to  fircus  plates  allow  to  measure  fire  rdative  positiomng  of  the 
CCDs  and  permit  predse  corrections  to  be  made.  An  iterative^  alignment  process  should  be 
conqrleted  in  less  than  a  week.  ' 


The  currrart  camera  system  is  a  tingle  CCD  rixrdnle,  md  tilt  adjus^ents  are  provided  by  the 
focalisation  system  of  the  regular  ,photogri^hic  plate  holder,  \tiiidh  uses  .^ee  sqrarate 
focussing  screws  of  high  predticm.  The  picture  above  tiiows  the  modified  plate  holder  with 
the  camera  cold  box  at  its  c^ter.  The  CCD  drip  is  semr  under  the  field  flattening  Irais.  A 
vaccuum  valve  is  seen  on  the  left  of  the  box.  A  rotation  system  is  serai  ut  fiie^t^er  left  ( 
tangent  arm  with  adjustmrait  stnew  and  counter  ^ring  ).  C^col  p^es  are  seen  going  out  of  the 
light.  The  "command"  and  "data  acqinsition"  boards  are  contained  in  the  .small  box  in  the  lower 
tight  Not  serai  here  is  a  filter  wheel  and  timtter  assranbly  which  covers  file  whole  unit  while 
intide  the  telescope. 

CCD  arrangement : 

In  the  current  camera,  the  CCD  is  placed  tin^fy  at  the  middle  of  the  field.  Off  the  tiielf  CCDs 
are  generally  not  buttable.  'When  and  if  we  wfll  vise  several  CCDs  intide  the  plate  holder,  the 


logical  choice  will  be  to  use  a  staggered  array  design  (  see  fidlowing  picture  ),  vshidi  allows 
independent  asseinbly  of  each  individual  CCD  camera.  9  CCDs  could  be  used  in  this  camera, 
giving  a  vertical  field  of  \dew  of  5  degrees,  Le.  con^atible  with  the  regular  field  of  view.of  a 
Schmidt  telescope. 

In  this  Hftsign  eadi  CCD  is  separated  from  the  others  in  die  matrix  by  exactfy  ohe  CCD  field. 
This  way,  a  given  CCD  wiH  image  an  area  of  fiie  shy  coirprised  in  declination  b^ween  the  one 
above  it  and  the  one  below  it  in  the  othar  cohmai  whh  a  small  overly. 

Dealing  with  the  data  flow  of  such  a  camaa  is  possible  uang  today's  con^uter  technology. 
While  currentfy  the  Loral  442A  is  the  less  ejgjen^e  CCD  (  as  &r  as  S/caP-  ),  larger  CCDs, 
\\hile  more  expense  allaw  to  build  ckeapi^  cameras,  ance  less  electronics  and  medical 
hardware  is  required  to  use  them.  The  logical  choice  is  always  to  use  the  largest  posable  CCDs 
available.  For  exai[q)le,  it  would  be  eaaer  to  replace  the  current  CCD  in  our  camera  with  a 
newiy  produced  Hiilips  7x9K  chip  (  84x1  Khmn  of  seoative  area,  or  almost  10  times  the 
sensitive  area  of  a  2K  device  )  than  to  build  a  muld  CCD  camera  using  9  individual  2K  devices 
requiring  conplex  adjustment  systems  and  sevaal  controllers.  In  this  case,  another  i^e  of 
relative  poationing  of  the  CCD  must  be  dedded  iptm,  but  the  gen^  idea  of  staggering  the 
CCD  eases  the  non  redundant  coverage  of  wide  sky  areas. 
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Readout  rate  :  A  typical  Schmidt  telescope  has  a  very  fest  F/ratio,  leading  to  bri^t  images 
-wfaicb  are  most  of  the  time  photon  noise  Hmited  unless  using  inteference  filters.  When  a  sttiall 
amount  of  Moon  and  dnus  clouds  are  present  in  the  dsy,  it  becomes  very  difficult  to  obtain 
images  wiiich  are  not  saturated.  Under  these  conditions,  it  can  be  proven  that  the  readout  time 


of  the  CCD  most  be  relative  short  Astronomers  tead  to  read  CCDs  at  a  typical  40000  pixels 
per  seconds  rate  so  as  to  presrave  a  low  readout  noise.  Increa^g  this  rate  increases  the 
readout  noise  of  the  camera,  but  it  is  necessary  to  realise  Aat  tiie  value  i;\dudi  needs  to  be 
improved  is  the  final  signal  to  noise  ratio  (  SNR  )  of  the  image. 

Because  of  our  fest  F/ratio,  time  is  better  ^ent  collecting  photons  than  reading  them  with  the 
uttermost  predsionl  The  di^  loss  in  SNR  is  eaafy  compensated  _  by  a  «digbtly  longer 
integration,  much  shorter  tiiah  would  have  required  a  longer  readout  time. 

The  total  time  required  for  the  exposure  is  the  exposure  time  Te  plas  the.readout  tinw  Tr.  The 
readout  time  is  equal  to  the  totalnumb^  of  dectrons  coflected  riivided  by  the  electron  flux  per 
second.  This  number  of  electrons  is  equal  to  the  number  of  incidmt  photmis.  on  the  detector 
times  its  quantum  efloiciency  in  the  givMi  pasdrand. 

E 

T=Te  +  Tr= — +Tr  (1) 

¥ 


A  dnpHfied  erpresdon  for  the  Signal  to  Noise  Ratio  of  the  sky  in  a  ^en  CCD  exposure,  not 
taking  thermal  current  into  account,  is  : 


sm  = 


E 

^E+RON^ 


Where  RON  is  the  readout  noise  of  a  CCD  controller.  It  decreases  with  the  square  root  of  the 
readout  time.  If  the  readout  noise  has  a  given  value  at  a  ^en  time,  tire  readout  noise  for 
another  time  is  givoi  by ; 


RONi  =RONo  X 


(3) 


Squaring  equation  2,  and  inputing  equation  3  in  order  to  ejqjress  E  in  flmction  of  a  "reference" 
readout  time  gives  equation  4  : 


E^  =  SNR^  X  {E+RONo 


(4) 


Solving  equation  4  in  E  gives  equation  5  : 


E  = 


SNR'^  +  SNR  X  JsNR'^  +  ARONo'^  x  — 


(5) 


2 


Using  equation  1  and  5,  we  obtain  equation  6  v^bich  ;gives  the  total  eTcposnre  time  versus 
the  photon  flux,  the  controller  '^ri^erence"  readout  noise  and  the  redout  time : 


sm'^  sm 

T  = - + 


2y/  2  yf 


I 


To 


SNR^  +  4RONo  ^x  —  +Tr 


(6) 


I  ran  a  short  sinnflation  using  a  spread^eet  program  using  equation  6  with  ^ical  values  in 
order  to  plot  the  required  observing  'time  (  expose  plus  readout  )  versus  readout  .time  for 
difierent  siky  dgnal  to  noise  ratio.  To  g^erate  tiiese  tables,  I  used  tire  case  of  a  controller  with 
a  readout  noise  of  ten  electrons  at  35000  pixels  per  second  readout  rate  (  28  microseconds  per 
pixel  ).  This  would  cause  a  2K  CCD  to  be  readout  in  two  minutes.  From  this  value,  we  can 
extrapolate  other  readout  noise  at  &ster  conver^on  rate. 

1  chose  3  different  electrons  flaxes  wbich  are  rqiresentative  of  the  average  sky  brigjbitnesses  at 
our  ^e  in  different  conditions  (  without  and  with  filters,  depending  of  the  filter  ). 

1  obtained  the  data  of  tiie  fourtii  plot  using  the  optimum  points  obtained  in  eadi  curve  of  the 
first  three.  They  show  obviousfy  that  a  good  CCD  controller  should  be  able  to  adjust  its 
readout  rate  with  the  expected  sky  flux  of  the  exposure  being  read.  It  also  means  for  example 
that  an  e^qposure  taken  with  an  optical  filter  ^ould  not  use  the  same  readout  rate  as  an 
unfihered  image,  provided  that  tdescope  time  is  considered  important  or  expraitive.  This 
optimisation  of  telescope  time  ^ould  be  mandatory  on  large  tele^pes.  Most  modem 
controllers  are  able  to  diange  their  sequencing  on  the  fly,  and  it  is  surprising  that  the 

adjustm^t  of  readout  rate  is  not  a  widepread  technique. 
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telescope  stays  at  rest,  wWi  star  itniges  corsang  the  field  of  view  at  a  regular  pace.  Electronic 
charges  are  shifted  across  the  CCD  in  sjnchronidty  with  the  drift  of  the  stars  across  the  CCD, 
and  a  continaous  readout  is  performed.  This  mode  is  also  called  Time  Delayed  hitegration  ( 
TDI  ).  In  order  to  do  this,  the  CCD  needs  to  be  predsely  aligned  with  the  direction  of  the 
motion  of  stars  (  Le.  vertical  register  exactly  perpendicular  to  the  celesfial  equator  ). 

If  the  telescope  is  at  rest  (  so  called  sidereal  scan^g  ),  the  fi-equency  of  diarge  stuft  is 
proportional  to  the  pixel  scale,  and  the  sky's  rotation  period  divided  by  the  cosine  of  the 
declination. 

In  onr  case,  the  field  fiattened  camera  has  a  focal  loigth  of  3140mm,  one  pixel  equals  15 
microns,  or  0.98S34  "/pixel,  and  we  find  that  in  order  to  shift  the  charges  at  the  ri^t  speed,  we 
need  a  time  interval  between  each  line  of 655 10.068 13/cos(dec]ination  )  microseconds. 

From  this,  we  can  understand  that  this  scanning  frequency  is  differoit  between  the  bottom  and 
the  top  of  the  tdescope  field  of  view  which  are  5  degrees  apart  on  the  sky.  Hence,  in  a  irmlH 
CCD  system,  each  individual  CCD  must  be  clocked  at  a  different  rate.  Because  of  the 
a^chronicrty  between  each  detector,  great  care  must  be  taken  in  order  to  avoid  crosstalk 
between  eadh  CCD.  In  order  to  minimise  this  problem,  the  sequencer  boards  have  a  spedal 
reset  and  clock  drcuitry  which  automatically  synchronises  all  the  sequencer  boards  to  a  fi^action 
of  the  microcontroller  clocks.  Also  the  master  board  which  controls  all  the  sequencers  could 
generate  a  pixel  ^dironisation  line  on  which  a  sequencer  could  synchronise  its  pixel  readout 


There  are  other  effects  \)vhich  are  to  be  taken  mto  account  with  the  scm  technique.  The 
scanning  performs  a  projection  of  a  curved  sky  onto  a  flat  detector.  Two  effects  occur  because 
of  this  :  differential  trailing  is  caused  by  the  feet  that  the  ideal  scanning  qpeed  should  he 
different  betw^n  the  top  and  the  bottom  of  a  CCD,  and  field  curvature  occurs  because  at  hi^ 
declination  a  star  will  not  stay  on  the  same  line  during  its  motion  across  the  CCD. 

The  beginning  of  the  scan  image  ^ows  a  signal  ramp  caused  by  the  feet  that  objects  have 
integrated  during  a  time  wdiich  dq>^ed  on  their  po^cm  mi  the  when  fee  shutter  opmi^ 
Simflarly,  there  is  a  ramp  down  at  fee  end  of  fee  scan.  Ihe  following  diagram  plots  fee  trailing 
in  arc  seconds  in  fee  iqiper  part  of  the  CCD  clocked  so  that  fee  central  pixels  are 


correctfy  drifted  wife  3 140mni  of  focal  loigfe  for  3  types  of  CGp%  Le.  Lord  2K  (  15  miexons 
pix^,  30.72  rnm  cm  a  ade,..134  seconds  of  e^osure^tiine  in  adereal  scarming  wife  . our 
tele^pe  ),  Kodak  2K  (  O  rtricrons  pkdfcs^  18.4tnni,  81  seconds  )  and  TI  IK  (12  rbicrons 
pixels,  12.3  rmn,  54  seconds). 

if  a  is  fee  field  of  vi^  offee  CCD,  d  fee  declination  of  fee  mage,  fee  trailing  in  arc  secoird  (if 


fee  angles  are  expressed  in  degrees  )  is : 


•  •  ■  .  ■  CC 

t  —  2600-x  a  xcos(^-+— )x 

■  2.  . 


1 


cos(S+-)  «^(^). 

2  J 


In  practice,  wife  fee  CCD  we  use,  differential  traiiing  is  \d^e  at  declinations  bilker  fern 


degrees,  and  becomes  imbearable  at  declinations  higher  than  25  degrees,  as  diown  in  fee 
following  diagram  Wife  smaller  CCD,  fee  useable  range  is  much  ht^er,  but  fee  limiting 
magnitude  is  also  much  smaller. 

TraQii^  at  the  north  edge  a  CCD  in  scan  mode  widi  the  OCA  Schmidt  telescope 
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In  our  case,  field  curvature  is  not  seen  at  declinations  higher  than  35  degrees,  so  is  not  a  real 
problem . 

A  big  advantage  of  scanning  is  related  to  the  &ct  that  since  a  given  pixel  in  the  final  image  is 
the  average  of  all  the  pixels  in  a  line,  images  tend  to  be  mudi  cleaner  in  terms  of  cosmetic 
quality. 

One  of  the  requirements  is  that  the  readout  time  of  a  line  be  dioiter  than  the  time  interval 
between  two  fine  transferts.  One  can  incr^e  the  readout  time  (  thereby  deorea^g  readout 
noise  )  to  the  largest  possible  value.  On  the  ofirer  hand,  it  is  possible  to  move  the  telescope 
eastward  so  that  the  fine  transmit  interval  decreases  to  fine  readout  time.  In  our  case  (  pixel 
.  acquisition  time  of  5.5  microseconds,  fine  readout  time  of  .1 1.35  milliseconds  X  one  can  scm  at 
.the;eqoator  at  about  5  .tmes  hi^er  than  ader^  rate,  and  cover  an  area  of  43  squme  degrees 
per  hour  per  CCD,  to  the  ejqjehse  of  cour^  of  an  integration  time  reduced  to  26  secondsl  This 
mode  is  very  interestmg  in  order  to  detect  fest  moving  objects,  whidi  for  longer  integration' 
limes  would  have  trailed  over  several  pixels^  Uang  9  CCDs  simaltaheously,  the  coverage  ,  on 
the  equatorial  zone  can  be  of  4600  square  degrees  in  a  single  12  hours  ni^ht,  or  about  9%  of 
..  fire  visible  sky,  Coverhig  the  vdiole  slcy.twice  per  run  becomes.thepiitical]y  feasible.  .  :  .  . 

The  main-problem  is  that  the.  detection  software  has  to  be  able  to  handle  vmy  large,  individuai 
files,  ance  we  typicalfy  obtain  170  megabytes  files  in  a  matter  of  45  minutes  of  observing  time. 
The  rnarn  firmtatiohm  dtu  case  is  the  &ct  that  the  sky  zone  vhich  can  be  scmh^  is  Eniited  in  ' 
declination  around  the  celestial  equator. 

In  order  to  avoid  these  effects  there  could  be  three  possible  solutions : 

>  Scan  along  great  circle  (  any  drcle  containing  die  carter  of  the  celestial  sphere  ).  This  is  not 
possible  in  our  case  dnce  the  motorisation  system  of  our  telescope  does  not  allow  continuous 
motion  in  declination.  Replacing  the  declination  drive  for  exanq)le  with  a  drr^  motor  drive  is  a 
possible  solution  in  that  reject. 

-  As  drown  above,  use  smaller  CCDs,  since  this  will  limit  the  viewing  angle  of  the  CCD.  This 
solution  is  not  practical  dnce  smaller  CCDs  provide  shorter  exposure  times. 

-  Use  a  &ster  readout  controller,  so  that  tire  proportion  of  time  ^ent  reading  out  the  CCD  in 
stare  mode  be  relatively  dnall  conq>ared  to  the  erqrosure  time.  The  Kmit  of  this  system  is  tliat 
readout  noise  increases  with  the  square  root  of  readout  time,  and  that  &st  conv^on  time 
arralog  to  digital  converters  of  hi^  accuracy  are  very  e}q>endve,  bringing  the  price  of  the 
^stem  much  higher.  I  used  a  con:q)romise  by  choodng  a  converter  vtiiich  main  ^plication  is 
audio  converdon,  thereby  allowing  a  low  price,  fest  readout  rate  (  1  pixel  /  5  microseconds  ), 
and  high  accuracy  (  18  bits  preddon,  truncated  to  16  with  14  bits  of  finearrty  ). 

hr  term  of  time  sp^t,  scanning  starts  to  be  more  effident  with  our  controller  as  soon  as  tire 
length  of  the  sky  is  larger  than  6  degrees.  Any  ^eed  gain  over  the  converter  we  have  been  led 
to  choose  would  become  more  e?q)ensive  by  a  minimum  &ctor  of  6  (  See  budget  requirements 
above... ). 


It  seams  clear  to  many  users  that  the  mo^  often  encotmtCT^  Ktees  are  related  to  power 
supplies  and' tb  connections  indde  the  cam^a.  The  actual  deagb^t^denc^  is  to  ftoA  the 
numb^  of  bbards  of  the  camara  dectronks  toiflte  minniBimj^and  to  use  connectqrs  spidered  to 
the  printed  circuit  board  whenever  possible. 

Anti  bToominp  - 

Becauseftie  field  ofview  of  eadi  CCD  at  our  tdescope^C^  arc  xhnnrtes  )  is  quite  large,  and 
because  thdrfimited  djmannc  range,  there  are  ahvays  l^^t  stars  in  the  field  ofyiew  whith  sand 
up  bdng  saturated.  The  charges  bleed  (dond  the  column  giving  file  familiar  ^|>ect  :;pf  biigift  , 
.  -s^  in  CCD  images, ^  -v;;. 

Apart  fi:om  the  purefy  cosmetic  problem,  this  may  cause  bii^  , stars  to  hide:  bfi^'feiift 
and'cr^es  two  more  serious  problems :  The  detection  software  will  tiaid  to  .^ecl  ;i^e  stars 
across  fire  Ifioommg.  hi  turn,:  this  Me  stars  w^  toid  to  be  aB^ed  hi  sncces^e  firaft^^ 

■will  create  fake  asteroids  detections.  The  second  probleni  is  even  more  sotousI:  Thse,  i>^ 

..  astrometric  xdfaieaces  aze  fiiase  of  fik  Hpp^cos.cataloi!gae^.aiid^^sffl  jhn^h^  fitaru&e^lPth 
magnitude.  These  stars  are  falfa  bloomed  and  are-not  measoitAik.  The  sebcmd-best  chcfibe’M. 
an  astrometric  catalogue  is  the  Space  Telescope  thnde  Ca^og,  ;fidHch  is  Mown  |b  ;haye 

precisicM  of  only  0.3"  itt  the  best  cas^  cornparM  to  0.001"  fi>r  fire  IfipparcossMs.- 'r^ 

These  are  a  few  reasons  why  a  Schundt  telesccqie  barnefa  eontrpHer  ruust  incfcd^  a  prevision 
for  an  anti  blobtukg  system.' Such  a  system  involves  usi^  a  pecufiar  clockh^  pattern 'Of  the 
CCD  during  integration.  This  mode,  also  c^ed  paifialfy  hryeat^  mcide  has  be^  mvented  by 
Jim  Janeack  at  NASA's  Jet  Propul^on  Laboratory.  S' 

Tested  thoroughly  on  Loral  CCDs'by  a  group  at  the  Univeraly  of  Bcnm  1^  ]>  KeM  it  has 

also  the  veiy  interesting  prop«ty  of  doubling  the  pcrtential  -weB  of  the  C<3).  The  pCTahy  is  tlM' 
the  thermal  cmreht  is  multqified  by  8  cotrqiared  to  the  regular  MPP  mode  operatibiL  - 
For  anq)Ucdty  reasons,  we  chose  to  run  the  antiblooming  firecpiency  to  a  fiecpiency  just  sBgfitfy 
hi^er  than  the  time  takm  by  a  horizontal  line  readout  (  currently  approximately  61  Hz  ),  so 
that  we  would  not  have  to  invert  the  vertical  lines  -while  the  horizontal  register  is  being  read. 
This  is  a  relatively  low  "pumping"  frequency,  but  it  was  find  to  prevent  serious  blooming  from 
even  magnitude  2  stars  on  a  30  seconds  unfihered  exposure.  The  readout  noise  has  been  found 
to  increase  from  27  to  35  e-,  'wbich  is  still  very  adequate  takm  into  account  our  average  sky 
background  signal  This  mode  has  become  the  standard  mode  of  eTqiosure.  Efforts  are  currently 
being  made  in  order  to  use  this  mode  during  scanning. 


Temperature  control : 

This  leads  to  the  last  consideration  of  this  "wish  list",  Le.  that  of  tenq>erature  control  To 
decrease  the  CCD  thermal  current  it  is  necessary  to  refrigerate  it.  The  rule  of  thumb  is  that  the 


I 


Same  conditions  as  jMevious  exposure,  but  using  regular  MPP  (  non  antibloondng  )  mode. 


fliftrmal  current  doubles  every  7  degrees  C.  Tbare  are  two  Clascal  ways^  of  c^cffiag  a  C€D  : 
Thermoelectric  cooling  and  liquid  nitrogen  corfmg.  The  first  t^hnique  is  able  to  lower  the 
CCD  temperature  to  -50°  in  the  best  cases  ( lower  ten^tatur^  can  be  obtained  vrith  sm^er 
CCDs,  but  2K  CCDs  are  relatively  large  ),  and  the  other  is  typic^  used  at  °  rririch 
removes  all  the  problems  associated  witb  fir^mal  current,  rince  it  is  virtually  inexisti^  at  such 
temperatures  ( thmmal  current  of  0.8  e-Zhours  have  been  meariiredfbr  paitisdfy  invi^^  CCDs 
at  such  tenqieratures  ).  Whereas  thermodectric  codlmg  is  ind^ei^eVth^  are-hmited  in  fhdr 
lowest  tenqrerature,  and  the  heat  generated  by  the  PeMec  modules  has  to  be  evacuated  outride 
the  telescope.  In  qur  case,  we  evaluate  that  the  total  wattage  per  CQ^rs  in  the  order  of  70 
rvatts  per  module,  leading  to  more  than  600  watts  to  be  evacuated  fi-mn  the  td^cc^e  lube.  On 
die  other  han^  IiquM  nifirg^  systems  are  moie-^mri^  on  the  Ic^  rim  i^:^  to  10  liters  oT. 
LN2  may  be  used  per  night  X  but  are  very  earify  tenperature  The  fesit  mono  C^ 

camera  bbilt  bring  this  controller  is  PeUet  cooled,  and  the  muM  .CCDlsystein  coidd  be  dth^ 
■fiqmd  nitrogenOrPdtier cooled  .  ..  ,  ;  ,  .  .  •’  ,  . 

We  can  ddrive  fimn -these  conridination  that  a  CCT>  camera  contr^Id^  adapted  to  a 
tdeScope  has  the  following  properties :  •  •  -  •  •• 

-ithastobeveiy  conpacti:  ..v!:,' ^ 

-  it  shouldnot  gaieiateexcesrive  heat  .  ir  ";;  f  '  ^  ^  ^  ■ 

-  it  should  be  abfe  to  clock  and  read  its  several  CCDs  in  a  totatlfy  indq)emdeut  manner. 

-  It  should  be  buih  so  as  to  hnnimize  file  crosstalk  b^ween  eadi  CCD. 

-  It  should  allow  stare  and  scan  mode  wifii  &st  readout  (  20Dk  pkels/seconds  )  uring  dynamic 

anti  blooming  mode.  ’ 

-  RnaBy,  it  must  be  relatively  inexpensive  to  build. _ / _ J 


Descriution  of  the  Loral  CCD442A  CCD 

We  chose  to  use  Loral  442A  CCDs.  Their  characteiisrics  are  listed  below 


Size 

2048*2048 

Pixel  rize 

15  nncrons 

Phyrical  size 

31.72  mm 

Angular  field  of  view 

34.5  ’ 

Number  of  CCDs/5  degrees 

9 

Pixel  scale 

0.979  " 

Full  well  potential 

220,000  e-  in  partially  inverted  mode 

Price  per  sq.  mm 

$2.12 

These  CCDs  are  produced  in  Milpitas  (  CA  -  USA  )  by  Loral  Fairchild 


These  CCDs  are  thick  front  ade  ilhiminated  ch^s,  do  not  have  a  good  bhie  sensitivity, 
but  overall  provide  a  quantum  leap  conq)ared  to  photography  since  a  2  miniUes  ejq)Osures 
detect  stars  wbich  would  have  required  more  than  30  minutes  of  e7q>osures  using  a 
photographic  plate.  ; 

Price  considerations  led  to  the  use  of  grade  4  CCDs.  The  current  price  is  $2,000  per  dii^.  They 
should  have  a  rdative]^  hi^  number  of  cosmetic  defects,  but  most  of  these  are  hot  i^ots  ( 
pkels  generating  a  vety  hi^  thermal  ggnal  ),  ubidi  disj^pem-s  \riien  the  CCD  k  cooled  down 
( lower  than  -30°  C  )  and  the  CCD  becomes  almost  as  good  as  a  grade  1  CCD,  with  onfy  a  few 
defects  sncdi  as  dead  lines  and  the  like.  However,  the  price  difference  is  such  that  9  grade  4 
CCDs  are  less  expeosive  than  a  single  grade  1  device.  In  fret  the  production  of  these  CCDs 
^e  made  progresses  tlnit  ^st  of  the  (^s  sold  as  grade  4  are.  in  fret  ^de  3  or  b^er. 

These  CCDs  have  two'  readout  rq^ers,  but  because  of  a  manufr  etttring  options,  only  one  can 
,  be  read  at  a  time,  ie.  it  is  not  posable  to  read  AeCQ)  as  two  ,  Ik  x  2k  CCD.  Their  anqtEfrers 
have  a  pqmHar  double  stage  stractute  optiniised  for  lower  noise  at  very  frst  readout  time.. 

While  the  package  has  56  pins,  a  much  smaller  number  needs  to  be  brou^t  out  of  the 
.vaccaum:.In.Qrdqr.t0  amplify  coimecti(ms^ybre;de^ded.tQ.  cbmiect  frievpaused.  AT,G  pms  to.the 
■  poadve  rail  of  the  vertical  clocks]  The  other  .one  (one.  the.  side  of  the  MnpKfier  .be^g  used.)  is., 
run  m  piu^el  with  vertical  clock  ff3  (  A3  )]  Thus  the  pins  comihg  out  of  the  cold  box  and  their 
operating  voltages  are  the  foUo^^g  : 

Vertical  clocks : 

A1  +3  to -8  volts 
A2  +3  to  -8  volts 
A3  +3  to  -8  volts 
ATG  -8  vohs 

V 

Horizontal  clocks : 

HI  +5  to -5  volts 
H2  +5  to  -5  vohs 
H3  +5  to  -5  vohs 
OSG  +5  to  -5  vohs 
Reset  gate  clock; 

RG  +8  to  0  vohs 
Other  voltages ; 

VSS  Ovohs 
VRD  13vohs 
"VRT  3  vohs 
VOG  Ivohs 
"VDD  22  vohs 


This  is  a  total  of  14  wires  coming  out  of  the  CCD  cold  box  (phis  2  for  thefteirperatufe  control 
and  4  for  the  peMer  power  supply  ). 

Description  of  the  camera  controller 

In  order  to  achieve  a  &st  readout  rate,  it  was  decided  to  use  individual  low  cost  controllers  for 
eadi  camera  module  linked  together  l)y  a  sin^e  master  board  able  to  ^e  orders  to  and 


^chronise  each  modules.  In  tingle  CCDinode,  the  program  on  the  sequencer  board  int^rets 


the  data  directfy  from  the  PC  (  master  board  not  needed  ). 

External  backplane: 

Each  controller  is  made  of  four  main  boards.  One  contains  all  tiie  power  supplies  and  bias 
g^eratioh  for  the  CCD  ^smd  is.usuafry  located  outside  the  telesc6pe*s  tube,  i^oth^  board  is  tiie 
s^^cerboar4  and  is- j^o  a  Euroboard.  These  eurobonds  frts  into  a  double  GM  rack  having 
'  two  baclqilahes.  Such'baclqilahes  are  commerdallyafvailable. 'Th^use'b]N4()162  connecters. 
The  coimectioh  of  these  b'acli^lanes  are  ^en  in  a  following  %ure.  A  master  board,  able  to  ■ 
interpret  orden  from  the  PC  and  able  to  send  orders  to  aB  or  a  rin^e  sequencer  eah  also  reside 
on  this  baclqrlane. 

■  -.Connexion.to  the;  fiuroboard  backplane... ..... 


Pm 

Name 

New- 

Kn 

Name  New 

lb 

GND 

GND 

la 

GND  GND 

2b 

A8 

Reset 

2a 

AO  32MHz 

3b 

A9 

3a 

A1 

4b 

AlO 

4a 

A2 

5b 

All 

5a 

A3 

6b 

A12 

6a 

A4 

7b 

A13 

7a 

A5 

8b 

A14 

8a 

A6 

9b 

A15 

9a 

A7 

10b 

*BRQ 

10a 

BGRT 

lib 

*RRQ 

11a 

RGRT 

12b 

*BGACK 

12a 

♦HALT 

13b 

^able 

13a 

MCLK 

14b 

*RES 

14a 

♦VPA 

15b 

*NMI 

15a 

RDY 

i6b 

♦IRQ 

16a 

♦VMA 

I7b 

*FIRQ 

17a 

tu*w 

18b 

lACK 

18a 

HaltAck 

19b 

♦D12 

19a 

♦D8 

20b 

*D13 

20a 

*D9 

21b 

*D14 

21a 

*D10 

22b 

*D15 

22a 

*D11 

23b 

*D4 

23a 

*D0 

24b 

♦D5 

24a 

*D1 

25b 

*D6 

25a 

*D2 

26b 

*D7 

26a 

•D3 

27b 

♦Berr. 

27a 

♦Page 

28b 

Chain  In 

28a 

Chain  Out 

29b 

+5  Batt 

.  30v 

29a 

.  ■  ...  z5V  .  . 

30b, 

.  .  ..  -12v..  ,  .. 

+20v 

.  30a... 

;  +12V  --20y. 

sib 

+5v 

+10v 

3  la 

+5V  +10v 

32b 

GND 

GND 

32a  . 

GND  GND 

Indies ••  -r  '  vv  -r"  ■  v;  •  ■ 

-  Pids  1  a  and  b,  29a,  30,31  and  32  a' and  b  arfii  used  for  powef  soppHes;  Please  ndte  the 
.  kveraon  between  the  polarity  of  12->i5  vohs  signals  (  -12  becomes  +15  and  +12  becomes  - 

15v) 

-  Never  use  pin  28  a  and  b.  In  the  original  G64  bus,  they  are  used  as  a  way  to  dai^  dhain 
signals  ( i.e.  28b  of  a  givOT  board  is  connected  to  28a  of  the  next  one  on  the  backplane  md  so, 
on). 

-  All  the  other  pins  can  be  used  to  send  reset,  clocks  and  communication  signa1.«;  from  the 
master  board  to  the  power  boards  in  a  multi  CCD  system  (  communication  from  the  master 
board  to  the  sequencer  boards  ). 


Sequoicer  board: 

The  sequencer  is  a  87C750  Philos  microcontroller.  In  the  earfy  phases  of  devlopement  of  this 
project,  I  chose  to  use  an  IFX780  Flejdogic  circuit  made  by  Intel,  but  it  proved  to  be  not 
flexible  enough  to  allow  on  the  fly  reprogrammation  in  the  different  modes  required  by  the 
camera.  Moreover  this  particular  ch^  is  not  made  anymore  The  87C750  is  a  Knrit.^  version  of 
tbe  industry  standard  80C51  microcontroller,  with  a  master  clock  running  at  up  to  40  MHz. 
This  allowrs  to  clock  the  I/O  ports  with  pulses  as  riiort  as  300  ns.  It  is  a  .small  integrated  drcuit 
(  24  pin  DIL  ),  having  just  the  required  fimction  for  our  task.  This  part  and  its  program  is  fiilly 
described  in  Appendix  3. 

The  microcontroller  communicates  via  an  asynchronous  serial  line  itrplemented  with  2  of  the 
I/O  pins  to  a  PC  interfrce  board.  In  the  case  of  a  muM  CCD  system,  these  lines  would  be 


rqilaced  by  a  synchronous  line  (  already  iirplemented,  but  currently  Bq)laced  by  a  sunpler 
asynchronous  line  )  generated  by  a  Master  board.  This  board  would  also  be  80C5 1  based  and 
able  to  drive  iq)  to  15  camera.  The  communication  to  the  sequencer  board  can  be  made  either 
directly  through  a  pair  of  fiber  optics  emitter  and  receiver,  or  these  can  be  disconnected  and 
orders  can  be  srat  directly  through  the  badkplane.  Tlie  connections  to  the  baclq)lane  can  be 
made  through  wire  wrapping,  allowing  to  configure  the  lines  used  for  each  particular  sequencer 
board  (  allowing  to  address  several  sequencer  boards  indqpend^tiy  ). 

Other  I/O  pins  generate  the  timing  required  by  the  CCD.  Adequate  ch^s  are  used  to  send  and 
receive  these  signals  fi-om  the  sequencer  board  and  on  the  voltage  tranriator  .  board.  A  34 
conductor  fiat  ribbon  cable  connects  the  sequencea  board  to  a  voltage  translamr  board  located 
iie^  the  CCp.  Signals  between  those  two  boards  are  TIL  levels.  The  comiectiqn  plan  for  this 
cable  is  given  in  the  following  figure; 


Connexion  of  the  34  fiat  ribbon  cable. 


1 

VOD 

2 

VATG+ 

•3 

.VRT-  - 

5 . 

VRD 

'VA3- 

7 

VOG 

8 

VOSG+ 

9 

VRG- 

io 

VH3+ 

11 

VOSG- 

12 

VH3- 

13 

+15Va 

14 

^15Va 

15 

VA1+ 

16 

GNDa 

17 

VH1+ 

18 

VH2- 

19 

VH2- 

20 

VA2+ 

21 

VHl- 

22 

VAl- 

23 

GNDd 

24 

VA2- 

25 

GNDd 

26 

+5Vd 

27 

PO-1 

28 

PO-0 

29 

Reset 

30 

PO-2 

31 

GNDd 

32 

GNDd 

33 

32  MHz 

34 

GNDd 

Notes : 

The  negative  voltages  ramps  of  the  clock  rignals  all  connects  to  the  NC  (  normally  closed  )  pins 
of  the  Max333A  analog  switches.  The  positive  ones  connects  to  the  NO  (  normally  open  )  pins 
of  the  switches. 


port  1  : 

pin  0  :  HI 

Horizontal  clock  1 

pin  1  :H2 

Horizontal  clock  2 

pin2:H3 

Horizontal  clock  3 

pin  3  :  OSG 

Output  Serial  Gate 

pin  4:  RG 

Reset  Gate 

pin  5:  CLl 

First  clanq),  first  channel 

pin  6:  CL3 

Second  clamp,  first  channel 

pin  7 :  Case 

Cascade  pin 

Note : 

-  Pins  3  to  6  of  port  1  -wMch  are  unused  are  brought  to  a  small  header  -which  could  be  used  for 
various  purposes,  such  as  controlling  a  shutter  or  rotating  a  filter  wheel 
■-■'Pih  7  is  used  to  ptrt  the  AD  rkmverter  in -the. cascade  mode,  thislj^  to'  send’lhe  result  of 
the  coirvembn  on  both  'dianhels  as'a  'Sttgle'SS  'bife  -^rd.' Tins' allows  to  redd  'chahn^ 
perform  a  tencqierature  rCad.  '  ' 


port  3  : 

pin  0 ;  A1 

Horizontal  clock  1 

pin  1  :  A2 

Horizontal  clock  2 

pm  2 :  A3 

Horizontal  clock  3 

pin  3  :  ATGU 

Upper  Arrray  Transfert  Gate  ( in  feet,  no  connect ) 

pin4:ATGL 

Lower  Arrray  Transfert  Gate  ( in  feet,  no  connect  ) 

pin  5  :  CL2 

1st  Clamp,  second  channel  (  also  used  as  TRANS  ) 

pin  6 :  CIA 

2nd  Clamp,  second  channel 

pin  7 :  STCVT 

Start  convert  .  . 

Port  3  drives  the  three  vertical  clocks,  and  port  1  drives  all  the  signals  related  to  horizontal 
clocks  and  pbcel  conversions.  In  order  to  avoid  jitt^,  h  was  decided  not  to  use  interrupts  in  the 
program.  Anotiher  reason  for  this  was  that  the  16  bits  timer  is  too  fest  for  our  purpose. 

The  other  bias  -voltages  for  the  CCD  come  from  the  power  srqrply  board,  and  are  linked  to  the 
CCD  -via  an  RC  filter.  We  found  out  that  several  ideas  we  had  about  the  sequoicer  (  such  as 
udng  binning  modes,  -windowed  modes,  and  other  more  exotic  modes  of  operations  )  have 
never  been  used  in  practice.  Recartfy,  we  cleaned  up  fire  software  and  removed  all  thes  unused 
features.  It  is  likely  that  if  the  camera  had  to  be  rebuild,  a  16  bits  solution  or  hi^er  (  Le.  16  bits 


microcontrofler  or  DSP  system  )  would  be  chosen.  Having  to  count  hi^er  than  256  (  a  line 
count  is  2048  )  is  much  sin:q)ler  with  a  16  bits  system,  whereras  the  8  bit  system  requires  a 
double  loop  \^^ose  synchronicity  can  not  be  maintained  easily. 

Power  supply  board: 

The  power  board  contains  voltage  regulators  to  provide  for  +5v  and  +/-  15  volts.  It  contains 
also  voltage  followers  to  gaierate  adjustable  power  supplies.  This  board  is  in^ired  by  the 
deagn  of  the  Palomar  controller  (  Gunn  et  al  1987  )  winch  we  have  used  at  the  OCA  for  many 
years.  It  contains  outputs  which  can  be  set  betwe^  +  and  •  15  volts,  and  four  others  which  can 
be  set  between  0  to  24  vohs.  We  followed  two  suggestions  by  Dr  F.  Harris  at  the  U.  S.  Naval 
Observatory  .  Flagstaff  ie.  instead  of  using  LF347  as  in  the  original  deagn,  we  use  pin/pin 
con^atible  OPA470  wfaidi  have  a  much  lower  noise.  The  hi^er  voltage  generators  layout 
have  also  been  dightfy  modified .  The  Voltage  reference  is  stSB  an  LM399.  A  64  wire  flat  rfl}bon  ■ 
cable  cormects  pqwm  .£^pfy  board  to  flie  Voltage  tran^tor  board  (  half  of  the  wires  are 
ground  signals  )•  No  periodic  signal  which  could  perturb  the  CCDs  are  on  this  cable, 
h.is  fikely  ^t.in.the  future  wo  will  bidd  a.D/A  based  voltage  bpud  in  order  to  automatic^ . 

■  test  the  CCDs  and  find  thebe^  setting,  of  a  giveat.CCD  .in  laboratoiy..  Prices  of. octuple.  D/A;  . 
converters  are  now  so  economical  that  sudi  .a  board  mi^t  in  &ct  be  less  expense  than  '&e . 
current  model 

Voltage  translator  board : 

The  voltage  translator  board  is  60mm  x  150mm  long.  It  contains  all  the  electronics  receiving 
the  signals  fi'om  the  sequencer  boards  and  driving  the  CCD.  A  similar  board  is  mounted  piggy 
back  on  this  one  and  contains  all  the  acquisition  chain  (  analog  and  digital  pow^  siq>plies  to  the 
acqui^on  chain  go  through  the  64pins  flat  ribbon  cable  going  to  the  voltage  translator  board 
).  Because  of  the  anti  blooming  mode,  it  is  required  that  the  vertical  drivers  be  relative^  slow. 
This  allowed  us  to  use  sinople  analog  switches  to  drive  both  the  vertical  and  horizontal  clocks 
of  the  CCD.  We  chose  Max333A  quad  SPDT  switches,  which  receive  both  voltage  ranq)s  of 
the  CCD  clock  fi-om  the  power  suppfy  board,  a  logic  signal  coming  from  the  87C750,  and  drive 
the  CCD  pin  through  an  RC  filter. 


Acquisition  chain  : 

The  acquisition  chain  is  made  of  2  OPA627  operational  anq)lifiers  by  Burr  Brown.  A  load 
resistor  is  connected  to  the  video  output  of  the  CCD.  Then  comes  a  coT^hng  c^adtor  hooked 
to  an  analog  switch  to  provide  an  input  clan^  currently  used  as  a  line  clatop  (  actwe  during ' 
vertical  time  ).  The  first  op  anq>  has  a  gain  which  is  set  around  10.  The  output  of  this  op  anq> 
goes  throu^  another  clamp  active  during  the  first  video  level  The  second  op  anp  is  just  a 
vohage  follower.  The  analog  switch  used  for  clanping  is  a  Majdm  DG445,  which.we  have 


replaced  recaitly  with  a  faster,  pin  to  pin  conpatible  DG412  switch  firom  the  same 
manufacturer.  The  Analog  to  Digital  converter  is  a  Burr  Brown  part  labeled  DSP102,  and  is 
derived  firom  the  PCM1750,  except  its  control  is  mudi  sin^ler  and  its  outputs  are  adt^ted  to 
Digital  Signal  Processors  (  DSP  ).  The  DSP  102  is  an  18  bits  5  microseconds  conversion  time 
and  14  bits  linearity  double  converter.  Input  level  must  be  between  +  and  -  2.75  volts.  We  use 
it  as  a  15  bits  converter.  The  clamp  signals  of  the  acquisition  chain  as  well  as  the  start  convert 
signal  are  gaierated  by  the  87C750.  While  we  have  two  acquisition  channels  on  our  camera 
S3rstem,  we  also  found  out  we  were  never  using  the  second  one  since  our  CCDs  cannot  be  used 
with  both  anq)lifi[ers  at  a  time.  There  is  an  option  called  "cascading”  which  allows  reading  of 
both  channels  and  emission  of  the  converted  values  as  a  rin^e  32  bit  word.  We  use  this  mode 
to  read  the  temperature  throi^  a  PTIOO  sensor  connected  to  diannel  B  of  the  converter.  The 
"cascade"  pin  -vdiich  ^ows  this  mode  is  controlled  by  the  87C750.  It  activates  both  tite 
"cascade"  feature  of  the  converter  and  an  extra  .M^33  analog  switch  in  ofdd*  to  connect  the 
ten5)erature  system  to  the  input  of  the  A/D  converter.  The  DSP102  - requires  .8  and  16  Mhz . 
dock  to  work  at  its  maximum  conversion  rate.  We  drive  the  87C750  at  32  MHz  and  use  a 
binary  divider  (  74HCT93 .)  to  generate  the  ,16.  md  8  MHz  from  the  32  MHz  master  clock.  The 
.  A/D.  convater  requires  +  and  -  -  5  volts  'nhic^  are  locally  generated  -  from  die  +..  and  15  volts 
throu^low  power  .78Lp5.  and.  79L05  voltage  regulators.  The  .tiiree  puq)ots  of  the  cowverter’ 
are  ermttdi  throu^  fitt)er  optics  emitters  made  by  Toriiiba.  These  parts  have  the  advantage  of 
being  directly  TTL  coropatible.  This  board  is  actually  routed  using  DIL  circuits,-  but  could  be 
rerouted  in  a  much  more  contract  size  using  Surfece  Mount  Technology  veraons  of  fihe 
different  drcuits,  excq)t  for  the  microcontroller  and  the  DSP102,  which  would  be  purchased  in 
24  pins  flat  packages,  and  the  fibw  optics  drivers  which  are  not  available  in  any  other  packages 
than  those  actually  used.  It  is  also  likefy  that  if  a  fester  converter  becomes  available  (  but  in  the 
same  price  and  quality  range  than  the  DSP102  ),  it  wfll  replace  the  existing  one.  Analog  Device 
is  said  to  sell  sometimes  in  1995  a  16  bits  low  cost  2.5  microseconds  converter  which  will  be 
called  AD7882.  Maxim  has  another  interesting  A/D  converter  named  Maxl21  which,  while 
only  14  bits  in  resolution,  is  fester  (  3  microseconds  per  pixel  )  and  would  be  an  infftresting 
rq)bcement. 

Connexion  to  the  CCD  : 

The  connection  of  the  controller  board  to  the  CCD  is  made  through  a  regular  DB25  connector. 
The  connector  on  the  (sold  box  ride  is  a  vaccuum  proof  26  pins  circnilar  connector.  Connexion 
from  the  inside  of  the  connector  to  the  CCD  is  done  using  thin  enameled  copper  wire. 


Pin  number 
DB25 

1 


if  the  DB25  connector  to  the' CCD  head 

1 

Signal  name 

Pin  number 

CCD  pin 

CCD 

circular  conn. 

A1 

P 

21,48 

A3+ATGU 

A 

19,47,12,51 

OSG 

C 

24,52 

GNDa 

G  1-3, 

13-18,  22, 26-31 

GNDa 

K 

idem 

GNDa 

G 

idem 

GNDa 

K 

idem 

VATGf  =  VATGl 

a 

23,40 

VRT 

M 

6,34 

VOG 

C  : 

25, 53  . 

NC 

CNDa  •  •  .  •  • 

. 

PTIOOF- 

•V-  •  vv 

.  PTIOO  F- 

A2  •'  .. 

R 

■  20,49 

ATGU 

Nc 

RG 

D 

4,32 

ATGL 

NC 

H3 

T 

11,39 

H2 

b 

10,  38 

HI 

S 

9,37 

VOD 

N 

8,36 

VRD 

Z 

5,33 

NC 

PTIOOS- 

V 

PTIOOS- 

PTIOO  F+ 

E 

PTIOO  F+ 

Video  out  upper 
Video  out  lower 

Peltier  1 
GND  Peltier  1 
Peltier  2 
GND  Peltier  2 


CCD  clockmg :  ^ 

It  foDows  the  manufecturei's  docum^tation.  Please  refer  to  it  in  Appendix  2  for  more 
information. 

TTie  antiblooming  mode  is  done  according  to  the  few  published  papers  on  the  subject.  The 
reference  paper  is  "Preventing  blooming  in  ccd  images",  J.  Janesick  NASA  Tech  Brief  VoL  16, 
No  7,  ItCTa  #71  from  JPL  Technology  rqiort  NPC)-I8363/7886.  Another  more  detailed  one  has 
been  pubfifhed  by  Kohley  et  al  from  the  ladioastronomy  institute  of  the  Bonn  University 
Bonn,  our  prqmnt  is  labeled  ”  operating  a  large  area  MPP-CCD  with  antiblooming. 


implementation  of  a  single  CCD  camga 

Udng  this  set  of  board,  we  buitt  a  sin^e  CCD  camera.  The  overall  configuration  is  givi^  in  the 
foUowittg  figure.  The  control  of  the  sequencer  is  done  using  a  PC  based  inter&ce  board 
connected  to  its  fiber  optics  transmitter  and  receiver  throng  a  snqile  TTL  to  fiber  optics 
interfrce.  This  board  has  an  8.5  megabytes  memory  buf^  large  enou^  for  a  single  2K  image. 
This  interfrce  board  s^ds  commands  to  the  sequencer  board,  which  drives  the  CCD.  The 
.  .  .  -video  sgnal  is  sent  throng  :&er  optics  to  the  mtedhce  board  When  fim^transfert  is  done,  the.. 

.  ■  .interfrce  board-membry  is'dmtq>ed  into  fire  PC  mak  inemoiy.  •  •  .  .  •  . 

General  layout  of  a  sinsie  CCD  system : 


Command  board 


Flat  ribbon  cabled 


AcquMdon  board 


Sequencer  board 


Plate  holder  assembly 


Bias  gen.  board 


Back  located  outside  telescope  tube 


3FO 


2FO 


F2)er  optics  to  TTL  interfrce 


Buffer  board  with  s^ial  to  //  converter 


PC 


Tbe  camera  plate  holder  being  installed  inside  the  telescope  ;  The  filter  "v^heel  and  shutter 
assembly  covers  the  camera  body  (  this  picture  is  an  early  assembly,  now  the  electronic  board 
has  been  mounted  at  the  lower  right  of  the  plate  holder  instead  of  being  located  below  the 
camera  cold  box  as  shown  here ). 


The  electronic  rack  located  outside  the  telescope  tube : 
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of  Volume  22  of  the  Astronomical  Society  of  the  Padfic  Conference  Series  "Astronomical 
CCD  Observing  and  reduction  techniques".  CCD  Data:  The  Good,  The  Bad,  and  the  Ugfy  by 
Massey  and  Jacoby  ). 

Readout  time  is  currentty  around  50  seconds. 

This  camera  is  current^  involved  in  several  programs  and  since  its  commisdoning, 
photography  is  now  canceled  at  the  telescope.  We  are  using  it  50%  of  the  available  time  in 
order  to  detect  Near  Earth  Asteroids.  The  detection  software  has  been  completed  only  recentfy 
and  has  oiabled  us  to  p^orm  more  than  400  detections  on  141  individual  objects  in  a  3  ni^ts 
run  (  Nfinor  Hanet  Circulars,  Decenftjer  1996  ). 


Implementation  of  a  multi  CCD  camera 

A  system  able  to  drive  several  CCDs  can  be  implemented  uang  the  following  design  : 

CCD  control : 

Each  CCD  has  its  own  set  of  power  and  controller  board  located  on  the  external  rack,  as  well 
as  its  own  voltage  translator  and  acquisition  chain.  A  master  board,  also  on  the  baclq)lane 
supplies  a  synchronous  32  MHz  clock  to  each  power  board,  as  well  as  a  general  reset  and  serial 
interfece  to  eadi  module.  It  contains  an  8051  nncrocontroller  which  is  driven  by  an  RS232C 
inter&ce  by  the  control  PC.  The  connection  of  each  module  to  a  given  backplane  signal  is  made 
through  wire  wrapping  coimections.  On  tiieiraster  board,  tire  clock  and  reset  tignals  are  driven 
throng  TTL  gates  in  order  to  get  the  required  ^ou^ut.  The  clock  line  of  the  serial 
interfece  is  synchronous  to  all  the  CCDs  hooked  to  the  system  and  generated  by  an  VO  line  of 
the  microcontroller.  The  dataJine  is  generated  using  the  other  15  I/O  lines  of  the  master  board 
microcontroller.  When  the  PC  sards  an  order  to  this  master  board,  it  tells  whether  the  order  is 
relevant  to  a  given  CCD  or  to  all  the  CCDs,  the  master  board  programs  the  CCDs  adequately 
and  waits  for  other  orders. 

Since  each  command  board  +  acquisition  board  module  is  located  in  a  50x76xl65mm  box, 
such  a  camera  would  have  to  be  installed  in  a  ^ecially  designed  holder  (  not  a  regular  plate 
holder  ),  with  electronics  board  going  on  tiie  ade  of  the  compact  CCD  cold  boxes.  The  current 
electronic  rack  is  large  enough  to  contain  up  to  15  bias  goieration  boards  and  sequoicer  board 
as  well  as  the  master  board. 


Appendix!: 

Electronic  Scheinadcs  ojf  tlie 


controller 


The  schematics  for  the  camera  ave  been  edited  using  the  Oread  package.  The  routing  of  the 
boards  have  been  made  either  in  Oread's  PCBII  or  using  another  package  made  by  Protel.  The 
following  figures  have  been  printed  using  a  postci^t  printer  (  .ps  extension  ) 

For  each  deagn,  there  are  several  files  with  diferent  extensions  : 

.sch  ->  schematics 

.bom  ->  bill  of  material,  these  files  have  been  edited  in  order  to  provide  information  about  the 
manu&cturers  and/or  the  adress  of  the  retailer  we  used. 

.net  ->  nethst 

.brd  ->  Board  for  Oread 

gbr  files,  including : 

.tol 

.gnd ->  ground  plane  layer  . 


There  are  seven  oread  based  designs  related  to  this  controller.:.-  . 

CCDSEQ  is  the  sequencer  board.  It  can  be  used  in  imgle  camera  mode  without  any  master 
board  or  can  be  si^ed. to  a  master  board,  -  >.  , 

CCDMSTER  is  the  master  board,  r^diich  receives  order  fi-om  the  PC  printer  board  using  a  serial 
PWM  communication  protocol  ^and  vyhich  ^es  ord^  to  individual  sequencers  and  provides  a 
^^onisation  idg^  so  t^t  evenihou^  &e  ve^cal  transferts  can  be  as3mchrbnous,  the  pixel' 
acqui^on  ^3^  ^chronous. 

CCDPOW  generates  aH  the  bias  clock  voltages  required  by  the  CCD,  •  . 

CCDAGQUI  is  the  board  which  cohtains  the  airplifier  drain  and  the  A/D  converter! 

CCDCMDE  is  the  board  which  receives  signals  from  the  sequencer  (  CCDSEQ  )  and  from  the 
bias  generation  board  (  CCDPOW.)  to  generate  the  clocks  to  the  CCD.  It  also  generates  its 
own  power  suppUes. 

PELTIER  is  a  schematics  for  a  current  regulated  power  supply  in  order  to  use  peltier  modules. 
Since  the  parts  are  mounted  on  a  large  heat  sink,  there  is  no  printed  circuit  board  for  this 
dedgn. 

CCDSUP  relates  to  the  CCD  siqrport,  the  small  printed  dreuit  board  that  supports  the  CCD 
inside  its  cold  box.  ... 

These,  as  well  as  information  related  to  the  programming  of  the  sequencer  and  its  use  are  also 
available  through  anonymous  fip  at  taranis.obs-azar.£r  as  a  sdn^e  file  called  OCACCD.z^.  This 
file  will  be  regularly  updated  as  more  functions  are  programmed  into  the  sequencer. 

It  is  highly  recommended  to  fip  these  files  rather  than  to  use  the  files  deciibed  in  this  report. 
Also  it  is  better  to  take  contact  with  us  (  mauiy  @  obs-azur.fi:  )  since  we  have  aheady  have 
those  boards  fiibricated  and  that  the  prices  fiir  these  boards  win  be  less  e7q>ensve  here  since  the 
required  tooling  fee  firr  their  &brication  has  already  bear  paid  for.  This  design  is  going  to 
ev'olve  in  the  foHowing  months,  and  this  is  also  why  the  latest  verdon  wifi  be  available  fi-om  fip 
or  fi-om  us  directly.  We  wfll  inqrrove  it  udng  &ster  converters,  more  elaborate  sequencers  and 
-win  inqrlement  a  multi  readout  CCD  system  relatively  rapidly  now.  Also  on  the  drawing  board 
is  a  low  cost  EPP  (  extended  printer  port )  inter&ce.  We  have  been  able  to  sustain  2  megabytes 
transfert  rates  udng  this  tedmique.  A  &ster  PCI  parafiel  board  inter&ce  ^stem  -wifi  also  be 
implemented  if  we  change  the  camera  S3^em  to  much  &ster  convertma  (  like  2  MHz 
converters  ). 

Fonowing  in  the  fonowing  pages  are  postscript  prints  of  tiiie  sdiematics  of  the  boards 
corrposing  this  camera. 
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Appendix  2  :  Data  sheets 
of  the  main  components  of  the  controller 


This  section  contains  the  data  dbeets  of  the  con5)onents  used  in  this  controller.  It  does  omit 
passive  parts,  as  well  as  other  usual  parts  as  78xx  voltage  regulators  and  the  liEe. 

-CCD442A 

-87C750 

-MAX333A 

-  DG445 

-  OPA627 

-  DSP102 

-  TOTX195 

-  TORX194 
-LM399 
-OPA470 

This  information  is  only  a:vailable  of  course  in  the  printed  form  of  this  r^ort.In  case  you  flp-ed 
,,  this  file,.here  are  the  U,S.  . addresses  pfthe.manufectorers  ofthese  p^s : 

-CCD442A- 
I^ral  Fairchild 

Mr  Jim  Johnson  408  433  2550 
ISOlMcCarthyBd  . 

MShritas  -  CA95035  USA 
,  Fax :  408  433  2508  , 

V-87C750'  T  ’  . •  ■  ■  ■  ■■ 

PhUps  l^nhconductors  .  . 

811  East  Arques  Avenue 
Sunnyvale  -  CA  94088-3409 
1  800  234  7381 
Fax :  1  708  296  8556 

-  MAX333A,  DG445 
Maxim  Integrated  products 
120  San  Gabriel  Drive 
Sunnyvale,  CA94086 

I  408  737  7600 

1  800  998  8800  for  fitterature  and  samples  in  the  U.S.A 

-  OPA627,  DSP102 
Burr  Brown 
P.O.Box  11400 
Tucson  -  AZ  85734-1400 
Tel;  1  602  746  nil 

1  800  548  6132 
Fax :  602  741  3895 

-  TOTX195,  TORX194: 

Toshiba  corporate  headquarters 
9775  Toledo  way 

Irvine  CA  92718 
Tel:  714  455  2000 


-  OPA470 
Analog  Devices 
One  Technology  Way 
P.O.  Box  9106 
Norwood  -  MA02062-9106 
Tel ;  1  617  329  4700 
Fax :  1  617  326  8703 
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features 

■  2048  X  2048  PhotMlM  Array 
•  iSjiin  X  IStfiti  PlMl 

■  30.72mm  x  30.72mm  fm«g*  Ares  ! 

■  Near  100%  Fill  Factor  i 

a  Mutt<-Plnn«d  PhtM  (MPP)  Option  | 

■  Readout  Noise  Less  Than  7  Electrons  at  2S0k  j 
pixsis/sec 

■  Dynamic  Range  10000:1 

■  Three  Phsse  Buried  Channei  NMOS 


GENERAL  DESCRIPTION  ; 

The  CC0442A  is  a  2048  x  2048  element  soiid  stats  Chatge 
Coupled  Device  (CCD)  FuH-  Frame  area  image  sensor  which 
is  intended  for use  in  high  resolutfon  scientific,  industrial,  and 
commerciai  electro-optical  systems.  The  CCD442A  lit  otga- 
nized  as  a  matrix  array  of 2048  horizontal  by  204B  vertiett  CCD 
photositea  The  pixel  pitch  and  spacing  is  iStim.  For  dark 
reference  the  too  and  bottom  eight  rows  and  thofeft  aM  right 
eight  columns  are  covered  by  a  fight  shield.  The  ayatiable 
imaging  area  is  thus  2032  rows  by  2032  columns  i 

The  imaging  array  may  be  operated  in  one  of  three  modes. 
Buried  Channel  or  Multi-Pinned  Phase  (MPPL  TheiBuried 
Channel  operation  offers  tow  noise  performance  and  exceUent 
charge  transfer  efficienciee.  An  additional  implant  under  one 
vertical  ohase  creates  a  virtual  welt  which  coiiects  the  photo- 
electrons  with  all  Vettical.ctocks  low  during  integration.  This 
MPP  mode  decreases  dark  current  down  to  25  pA/cm*  @ 
25°C  Excellent  low  noise  performance  is  achieved  by  use  ot 
the  burieo  channel  CCD  structure  and  a  dual  stage  low  noise 
output  amplifier  with  an  output  conversion  of  3MV/ef 
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204e  x  ^)48  Element 
RiUlFmme  Image  Sensor 
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Device  processing  ts  done  using  micmi^aetign  rulas.  The 
single  metaL  triple-pofy  process  aHows  a  photosite  layout  with 
smaller  pixel  gMmetiles  and  fewer  array  bfemishes. 

FUNCnONAl.  DEa^lPTION 

The  CCD442A  eonalsts  of.  the  foflowing  functional  elements 
illustrated  In  the  block  diagram. 

Image  Sensing  Elements:  Incident  photons  pass  through 
a  transparent  potycrystalilne  sUieon  gate  structure  creating 
electron  nole  pairs.  The  resulting  photo-eiecirons  are  coi- 
iectsd  in  me  photosiles  during  the  integretion  period.  The 
ameunt  of  charge  accumulated  in  each  photostte  is  a  linear 
function  of  the  localized  incident  illumination  miensny  ano 
Imegratioo  period. 


PIN  NUMSER/NAME  ; 


I 


1 

NC 

20 

0V2y 

38 

eH3t 

2 

NC 

21 

OVIu 

40 

pyrat 

3 

Vss 

22 

Vsj 

41 

Vic 

C  Ru 

23 

evTQ,. 

42 

nc 

c 

VROu^  _ 

24 

OSGi. 

43 

NC 

6 

23 

VOQ<. 

44 

nc 

7 

ViDEOoyT 

2« 

Vs* 

43 

vm 

s 

VODti 

27 

Vss 

43 

Vm 

9 

28 

V*» 

47 

*‘V3^ 

'0 

0  M2y 

29 

NC 

48 

e^vit 

Oh3u 

30 

NC 

48 

e'V2t 

*  1 

^VTGu 

31 

Vss 

50 

Vbs 

13 

Vss 

22 

®Ri. 

51 

tfiVTOu 

!4 

NC 

33 

VROi. 

52 

nsou 

:5 

nC 

34 

VRTl 

S3 

VOQu 

■6 

NC 

35 

VItJEOooT 

54 

Vjs* 

•7 

Vss 

33 

VQOt 

63 

vjjs 

10 

Vss 

37 

CHIt. 

63 

*9 

C  V^.S 

3S 

OH2l 

i 

PIN  CONNECTIONS 
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The  photosite  structure  is  made  up  ot  contiguous  CCO  atements 
vnth  no  voids  or  inactive  areas.  In  addition  to  sensing  Ught,  tneae 
elements  are  used  to  shift  image  data  vertically.  Conseauent- 
ly,  the  device  needs  to  be  shuttered  during  readout.  j 

Vertical  Charge  Shifting:  The  Full  Frame  architecture  of  the 
CC0442A  provides  vioeo  information  as  a  single  aeauential 
readout  of  2046  lines  containing  2048  photoslta  elemental  At 
the  end  of  an  integration  period  tne  c>Vi .  <pV,.  and  ®V»  cfoctcs. 
are  used  to  transfer  charge  vemcatty  through  the  CCO  array 
to  the  horizontal  readout  register.  Verticat  columns  are 
separated  by  a  channel  stop  region  to  prevent  cnarge 
rntgraiion.  j 

The  imaging  area  is  divided  into  an  upper  and  Lower  half.  Each 
1024  *  2048  half  may  be  clocked  independentty  or  together. 
Horizontal  Tranaport  regtstors  along  the  top  and  twttom  perr 
mit  simultaneous  readout  ot  bctn  halves.  The  CC0442A  may 
be  clocked  such  that  the  full  array  is  readout  the  Upper  or 
Lower  Transport  registers.  The  package  pinouts  are  arranged 
30  that  the  device  may  be  rotated  180*  without  timing  changes. 

The  Vertical  Transfer  Gate  (®  VTG)  is  the  final  array  gale  before 
Charge  is  transferred  to  the  serial  horizontal  shift  registers.: 
For  simplified  operation  ®VTG  may  pe  tied  to  i 

Horizontal  Charge  Shitting:.  ®Hi,  ®Hj,  and  ®Hj  are  pdy-: 
silicon  gales  used  to  transler  cnarge  horizontally  to  tne  out-' 
put  amplifier.  The  horiromal  transport  register  is  twice  the  size 
of  me  photosite  to  euow  for  vertical  binning  .The  arnay  can  be 
operaieo  normally  at  full  resolution  or  some  lower  resolution  i 
with  binning. 

The  transfer  of  charge  into  the  horizontal  register  is  tne  result . 
of  a  vertical  shift  seouence.  This  register  has  16  additional , 
register  ecus  between  the  first  otxei  of  each  lirre  and  the  out* , 
put  amplifier.  The  output  from  these  locations  contain  noaignai  ; 
and  may  oe  used  as  a  dark  level  reference. 

The  last  clocked  gate  m  the  Horizontal  registers  is  twice  as  ■ 
large  as  tne  others  and  can  be  useo  to  horizontally  bin  charge,  j 


This  paieraouiree  its  own  clock  which  should  be  tied  to  ®Hi 
tor  nomiBl  tuH  resoltition  raaoout.  The  output  video  is  available 
foUowing  the  nigh  to  low  transition  of  ®SG. 

The  reset  FET  in  me  horizontal  raadpuL  ctocKed  appropriately 
with  ®R.  aifovys  binning  of  adjacent  pixels. 

Output  Amplifier:  The  CCD442A  has  one  output  amplifier 
at  the  Bfva  cf  tne  honzontal  transpon  registers.  They  are  dual 
FET  floating  oitfusion  amplifiefs  with  a  reset  MOSFET  lied  to 
the  input  gate. 

Charge  packets  are  clocked  to  a  precharged  capacitor  whoee 
potential  changea  linearly  in  response  to  the  number  of  e^ 
trona  delivered.  This  potential  is  applied  to  the  input  pate  of 
an  NMDS^pStler  ptpducfng  a  signal  at  tne  output  Vgur  pin. 
The  capacitor  is  reset  with  ®R  to  a  precharge  ^level  prior 
to  the  amvai  ot  the  next  chatge  packet  except  when  horizork 
tally  binning.  It  la  reset  by  use  of  the  reset  MOSFET. 

The  output  amplifier  drain  te  tied  to  VD.D.  The  source  (Video 
Out)  IS  connected  to  an  extemat  load  resistor  to  ground.  The 
source  constitutes  the  video  output  from  the  device. 

Muftf-PInned  Phase:  MPP  is  a  CCD  technology  which 
significantly  reduces  the  dark  current  generationrata.  CCOac 
ere  endowed  with  this  capability  by  the  additiori  of  on  implant 
during  the  semiconductor  manufaauring  process. 

This  implant  creates  a  virtual  well  in  the  array  which  allows 
charge  integration  wh.,e  maintaining  pixel  integrity  with  the 
Vertical  clocks  in  the  tow  state.  Leaving  tne  Verttceil  clocks  In 
the  low  state  during  me  integration  cycle  is  the  method  used 
to  impiamefti  MPP  mode. 

A  drawback  to  utilizing  the  MPP  mode  is  reduced  fui<  well 
capacity.  The  virtual  well  created  by  tne  MPP  impiant  does 
not  hold  8s  much  cnargia  as  tne  normal  buried  Channel 
ooerating  mode  which  ieaves  one  Vemcal  clock  in  the  high 
state  dufing  integration.  The  CCD442A  may  be  operated  In 
the  conventional  buried  chatinoi  mode  with  increase  in  charge 
capacity  over  me  MPP  mooe. 
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DEFINITION  OF  TERMS  j 

Charg*>Coupl»d  Device — A  charge^oupled  device  »  a 
m  onoiithic  silicon  staicture  in  which  discrete  packets  of  elec¬ 
tro-  charge  are  transported  from  position  to  position  by 
seaoential  docking  of  an  array  of  gates.  | 

Vertical  Transport  Clocks  ©Vi.  ®Vj,  ipyj— The  Iclock 
signals  applied  to  the  vertical  transport  register.  | 

Horizontal  Transport  Clocks  ®H,.  ®Hj.  ©Hj — The  iclock 
signals  applied  to  the  horizontal  transport  regtsters.  | 

Reset  Clock  ®R— The  clock  applied  lo  the  reset  switch  of 
the  output  amplifier  j 

Oynantic  Range — The  ratio  of  saturation  output  voltage  to 
RMS  noise  in  the  dark.  The  peak-to-peak  random  noise  is  a-6 
times  the  RMS  norse  output.  | 

Saturation  Exposure— The  minimum  exposure  level  that  pro¬ 
duces  an  output  Signal  coiTesponoing  to  the  maximum 
photosrte  charge  caoecrty:  Exposure  is  eoual  to  the  product 
of  light  intensity  and  integration  time.  j 

Hesponsivity — The  output  signal  voltage  per  unit  of  exposure. 


Spectrai  Response  Rsnge— The  spedral  band  over  wfiich 
the  response  per  unit  of  radiara  power  is  more  than  'Vfi/ty  of 
the  peek  resportse. 

Photo-Response  Non-UnffonnHy— The  difference  of  the 
response  levels  between  the  most  and  the  least  sensitive 
regions  under  uniform  illumination  (excluding  blemisheO 
eiemems)  expressed  as  a  percentage  of  the  avera^rasponse. 

Dark  Signal —The  output  signal  in  the  dark.causedJjy  ther¬ 
mally  generated  electrons.  Dark  signal  is  a  linear  function 
of  Integraiion  time  and  an  exponential  function  of  chip 
temperalure. 

Visrtleat  liwtster  Gala  ©yTG— Gate  structures  ad)acent  to 
the  end  row  of  photosites  and  tbs  horizontal  trvisport  reginers. 
The  charge  padiots  accumulBted  in  thephotasites  are  shitted 
vertically  through  the  array.  Upon,  reaching  the  end  row  of 
photoaltes.  tne  charge  is  irartsfarred  m  parallel  via  the  transfer 
^es  to  the  horizontal  transport  shift  regtsters  whenever  the 
transfer  gate  voltage  goes  high. 

Pixef-^lcture  element  or  sensor  eiernent  also  called 
phoioelemem  or  photosite. 
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TYPICAL  CCD  QUANTUM  EFFiaCNCY 


QUANTUM  EFPiCieNCY  ENHANCEMENTS 

On  a  custom  basis,  our  large  area  CCDs  can  be  backside 
tnmned  for  increased  Q£.  The  CCp  is  bump  mated  to  a 
fanout  and  thinned  to  approximately  15  microns.  The  inci¬ 
dent  illununation  enters  through  the  backside,  of  the  array. 
Since  no  photons  are  absorbed  tn  the  potysilicon  gate  struc¬ 
tures.  the  QE  increases.  We  can  also  coat  frontside  iffumi- 
nated  devices  with  a  fluorescent  dye  that  absorbs  UV  fight 
and  fluoresces  in  the  visible  range.  This  provides  CCD 
response  at  wavelengths  less  than  400nm. 


TYPICAL  DC  VOLTAGES 


SYMBOL 

PARAMETER 

RANGE 

UNIT 

remark: 

- 

MIN 

NOM 

MAX 

VpD 

DC  Supply  Voltage 

20.0 

25 

V 

Vflo 

Reset  Drain  Voltage 

12 

13.0 

16 

V 

VOG 

Output  Gate  VoRage 

1.0 

V 

fvss 

Substrate  Ground 

0.0 

1  ^ _ 

TYPICAL  CLOCK  VOLTAGES 

SYMBOL 

PARAMETER 

HIGH 

LOW 

UNIT 

REMARKS 

V<PHf  1.2.31 

Honzontal  Muitioiexer  Clock 

-5.0 

V 

Venicai  Array  Clocks 

t-ao 

•6.0 

V 

V<J>R 

Reset  Gate  Clock 

♦8.0 

0.0 

V 

V<PVTG 

Array  Transfer  Gate  Clock 

♦3.0 

-B.O 

V 

Note  </'Ms400or  «V.60  tXEar 


PERFORMANCE  SPCCIFICATJONS 


1 

SYMBOL 

PARAMETER  . 

i  RANGE 

UNIT 

REMARKS 

i  MIN 

1  NOM 

.j.  MAX 

1 

VsAT 

Saturation  Output  Voltage 

300 

■■1 

mV 

Note  1 

H 

Full  Well  Capaoiy 

100.000 

e* 

H 

Output  Amp  Sensitivity 

I 

HSU 

pV/e- 

1 

PRNU 

Photo-Response  Non-Uniformity 

1 

10 

%VSAT 

H 

Psak-to-Peak 

f 

- 

■ 

DSNU 

Dark  Sigrial  Non-Unifomuty 

1.0 

mV 

H 

Peak-to-Peak  . 

" 

DC 

Dark  Current 

:  0.025  • 

2.0 

nA/cm* 

Note  2 

Ij 

Responsivity 

1.0 

V/uj/cm’ 

l| 

VoDC  I 

Output  DC  Level 

14.0 

V 

Note  3 

■1 

ammm 

Suggested  Load  Register 

1.0 

5.0 

20 

ku 

Note  3 

NSW  I  Ma»«num  caeac'ir  «  ecnievec  ooetatino  in  BonetJ  Channai  Mooe  .T-nimum  csMoiv  u  n  rnooii 
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COSMETIC  GRADING 

Device  grading  helps  to  establish  a  ranking  tor  the  tmage 
Ouslity  that  a  CCD  will  provide.  Blemishos  are  charaaeriwd 
as  spurious  pixels  exceeding  10<Vo  of  Vsxr  with  respect  to 
neighbonng  elements.  Blemish  content  is  determined  in  toe 
dark,  at  various  illumination  teveis  and  lor  diflerent  device 
temperatures. 

The  CCOA42A  is  available  in  various  standard  grades,  aa  well 
as  custom  selected  grades.  Consult  the  factory  for  available 
grading  infomiation  and  custom  selections. 


WARRANTY 

Within  twelve  months'of  delivery  to  the  end  ciwomer.  Loral 
Fairchild  will  repair  or  replace,  at  our  option,  any  Loral  Fair- 
chUd  camera  product  If  any  part  is  tound  to  D*  defective  in 
maierlala  or  wortcmanahip.  Contact  taciory  tor  assignment  of 
warranty  return  number  and  shippfng  instructions  to  ensure 
prompt  repair  or  repiacemera. 

CERTIRCATION 

Loral  Fairchild  Division  certifies  that  atl  products  are  carefufiy  in¬ 
spected  and  tested  at  the  factory  prior  to  shipmentiend  wiii  meet 
all  requirements  of  the  specificalioo  underwhich  it  is  furnished. 


FairdiHd  Ima9kig  Sensors 


Uxil  FsircMa  cannoi  u«wtn«  fMConsiSIHty  lor  UM 
M  iny  Ctrcunrv  aascfitwo  ollwr  min  areuilrv  •niBOdMM 
in  a  Loral  FatrctulQ  ixoouct.  No  oRwr  circud  oalanl 
UcnoM*  or*  imoiieo 
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ATURES  _ 

’very  Low  Noise .  5nV/V  Hz  @  1kHz  Max 

Excellent  Input  Offset  Voltage  . . 0.4m V  Max 

Low  Offset  Voltage  Drift .  2^V/‘’C  Max 

I  very  High  Gain .  lOOOV/mV  Min 

Outstanding  CMR .  . IIOdB  Min 

Slew  Rate . 2V/pis  Typ 

Gain-Bandwidth  Product . 6MHz  Typ 

Industry  Standard  Quad  Pinouts 
Available  in  Die  Form 


BERING  INFORMATION  * 

PACKAGE 


os  “AX 
OiV) 

CEROIP 

14-PIN 

400 

* 

400 

OP<70AY* 

400 

C3P470EY 

800 

OP470FY 

1000 

- 

1000 

- 

PLASmC 


OPERATMG 

TEMP^AIURE 

RANGE 


OP470ARCa83 

OP470ATOa83 


1CX»  -  OP470GP  -  XtND 

1000 _  OP470GS" _ - _ X1NO 

IFordevicasprocsssedin  iotafC3fnpiiancaDMIL-ST1>883.  add /883  alter  pan 
number.  Corisult  laciory  for  883  data  meet. 

8um-in  is  avaHabla  on  commeroal  and  industrial  temperature  range  parts  in 
3erDIP.  plastic  DIP.  and  TO-can  paocages. 

For  availability  and  bum-in  information  on  SO  and  PLCC  packages,  contaa 
'OUT  local  sales  office. 

NERAL  DESCRIPTION 

OP-470  is  a  high-performance  monolithic  quao  opera- 
al  amplifier  with  exceptionally  low  voltage  noise, 
/v  Hz  at  1kHz  Max.  offering  comparable  performance  to 
's  industry  standard  OP-27. 

OP-470  features  an  input  offset  voltage  below  0.4mV. 
jcellent  for  a  quad  op  amp.  and  an  offset  drift  under2MV/'’C, 
ranteed  over  the  full  military  temperature  range.  Open- 
p  gain  of  the  OP-470  is  over  1,000,000  into  a  lOkn  load 


insuring-excellent  gain  accuracy  and  linearity,  even  in  high- 
gain  aoplications.  Input  bias  current  is  under  25nA  which 
reduces  errors  due  to  signal  source  resistance.  The  OP-470's 
CMR  of  over  IIOdB  and  PSRR  of  less  than  I.811V/V  signifi¬ 
cantly  reduce  errors  due  to  ground  noise  and  power  supply 
fluctuations.  Power  consumption  of  the  quad  OP-470  is  half 
that  of  four  OP-27s,  a  significant  advantage  for  power  con- 

PIN  CONNECTIONS 


14  i  OUTD 
'1SI  ^N  O 
^  *rN  D 


8 

-IW8  2 
OUT  B  Q] 
N.C.  jT 


-  OUT  0 
.  ]£}  -IN  0 

.  33-ino 
3v- 
iTj-INC 
]T]-tNC 
i5]0UTC 

TIn.c. 


16-PIN  SOL 
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14-PIN  PLASTIC  MINItDIP 
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APLIFIED  SCHEMATIC 


j]P-470 

Iscious  applications.  The  OP-^70  is  unity-gain  stable  with  a 
gain-bandwidth  product  of  6MHz  and  a  slew  rate  of  2V/fis. 

ifhe  OP-470  offers  excellent  amplifier  matching  which  is 
important  for  applications  such  as  multiple  gain  blocks,  low- 
noise  instrumentation  amplifiers,  quad  buffers,  and  low-noise 
?ctive  filters. 

[The  OP-470  conforms  to  the  industry  standard  14-pin  DIP 
ninout.  It  is  pin  compatible  with  the  OP-11,  LM148/149, 
-IA4741,  HA5104.  and  RM4156  quad  op  amps  and  can  be  used 
to  upgrade  systems  using  these  devices. 

^■or  higher  speed  applications  the  OP-471,  with  a  slew  rate  of 
,3V//js.  is  recommended. 


ABSOLUTE  MAXIMUM  RATINGS  (Note  i) 

Ijuppiy  Voltage . =l  8V 

)ifferential  Input  Voltage  (Note  2) . ±1.0V 

.Oifferential  input  Current  (Note  2) . ±25mA 

Input  Voltage . . . Supply  Voltage 

Output  Short-Circuit  Duration . Continuous 

Storaoe  Temperature  Range 

P,  TO,  Y-Package . -65°C  to  +150°C 


Lead  Temperature  Range  (Soldering,  60  sec) _ .....  300*C 

Junctiort  Temperature  (T) . -65°Cto  +150°C 

Operating  Temperature,  Range 

OP-470A_.. . -SS^Cto  +125'’C 

OP-470E.  OP-470F . „... . .  -25'C  to  +85“C 

OP,-470G . -40'C  to  +85'’C 


PACKAGE  TYPE 

®,A  (Noie-3) 

®1  = 

UNITS 

1«-Pin  Hermetic  DIP  (Y) 

94 

10 

°C/W 

lA-Pin  Plastic  DIP  (P) 

76 

33 

°C/W 

20-CQntaa  LCC  (RC) 

78 

30 

28-Contact  LCC  (TC) 

70 

28 

’C/W 

16-Pin  SOL  (S) 

88 

23 

°C/W  . 

NOTES: 

'• .  Absolute  maximum  ratings  apply  to  both  DICE  ano  packaged  parts,  unless 
cmetwise  noted. 

2,  The  OP-a70‘s  inputs  are  protected  by  back-to-back  diodes.  Current  limiting 

resistors  are  not  used  inorder  to  achieve  tow  noise  performance.  Itdillerental 
voltage  exceeds  ±1.0V.  the  input  current  should  be  limited  to  ±25niA . 

3.  e  is  specified  for  worst  case  mounting  conditions,  i.e.,  0.^  is  specified  for 
cevice  in  socket  tor  TO.  CerDIP,  P-DIP.  ano  LCC  packages;  0.^  is  specified 
for  device  soldered  to  printed  drcuit  board  for  SO  and  PLCC  packages. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V.  Ta  =  25“C,  unless  otherwise  noted. 


OP-470A/E 

OP-470F 

OP-470G 

R>AFtAMETER 

SYMBOL 

CONDITIONS 

M(N 

TYP 

.MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

input  onset  Voltage 

Vos 

- 

0.1 

04 

- 

0,2 

c.s 

— 

0.4 

1.0 

mV 

Input  onset  Current 

*cs 

'.Vm  =  0V 

- 

3 

wm 

- 

6 

20 

- 

12 

30 

RA 

nput  Bias  Current 

‘s 

- 

6 

25 

- 

15 

50 

- 

25 

60 

nA 

0.1  H2  to  lOHz 

1  cut  Noise  Voltage 

•  Note  1 ) 

30 

200 

“ 

SO 

200 

60 

200 

nVj., 

1 

1 

to=  lOHz 

— 

3.8 

6.5 

3.6 

6.5  ' 

_ 

3.8 

6.5 

nput  Noise 

•q=100H2 

— 

3.3 

5.5 

— 

3.3 

5i 

— 

3,3 

5.5 

nV/y/Hz 

1  VOltaoe  Density 

1kHz 

_ 

2.2 

5-0.. 

3.2 

5.0 

— 

3.2 

5.0 

1 

'.Note  2) 

=  ^0*^2 

_ 

1  7 

__ 

__ 

1.7 

1.7 

_ 

nput  Noise 

V  =  100Hz 

_ 

07 

— 

07 

_ 

_ 

07 

pA/v/TiT 

1  «,ufrent  Density 

IkHZ 

— 

0.4 

— 

0.4 

— 

0.4 

.  — 

1 

-^  =  =10V 

_arge-Signal 

R;.  =  lOktl 

10C0 

3300 

800 

1700 

800 

1700 

V/mV 

1  voltage  Gam 

R,_  =  2kl! 

500 

1200 

- 

400 

900 

- 

400 

900 

— 

Inout  Voltage  Range 

mm 

■  Note  3) 

-n 

=  12 

- 

=  11 

C12  - 

-  ■  ■ 

•  =n 

.  =  12 

— 

V 

■^-Jiput  Voltage  Swing 

Vo 

R^>2kil 

=  12 

=  13 

- 

=  13 

- 

=  12 

=  13 

— 

V 

|zomrnon-Moae  Rejection  CMR 

'•.-M=:”V 

no 

■■25 

- 

100 

120 

- 

100 

120 

— 

OB 

Fower  Supply 

PSRR 

Vc  =  z:4.5v  to  -lav 

C-.56 

16 

1.0 

5.6 

1  0 

5.6 

/xV/V 

Rejection  Ratio 

SR 

t- 

2 

- 

HD9 

2 

- 

Hfl 

2 

- 

V/xxS  ■ 
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lECTRICAL  CHARACTER ISXrCS  at  Vg  = 

nsv.  Ta  =  25“C 

,  unless  otherwise  noted.  (Continued) 

i 

OP-470A/E 

OP-470F 

OP-470G 

I^AMETER 

SYMBOL 

CONDITIONS 

MIN  TYP  1 

MAX 

MIN  TYP 

MAX 

^MIN 

TYP  MAX 

UNITS 

CDly  Current 
Ampltfiers) 

•SY 

No  Load 

—  9 

11 

—  9 

11. 

_ 

9  '  11 

■  mA 

|.i  Bandwidth  Product 

GBW 

_  6 

- 

-  6 

- 

— 

6  — 

MHz 

1 - - 

nnet  Separation 

CS 

v.=  -OHz  (Note  1) 

125  155 

- 

125  155 

-  . 

125 

155  — 

dB 

l^t  Capacitance 

CfN 

-  2 

- 

-  2 

- 

— 

2  — 

.  PF 

:;ui  Resistance 
[  !erential-Mode 

—  0.4 

-■  ■ 

—  0.4 

- 

0.4  — 

Mn 

|;t  Resistance 
fcmmon-Mode 

R|NCM 

—  n 

- 

—  11 

- 

- 

n  — 

GIl 

Av=-1 

1  ling  Time 

to  0.1% 

—  £.5 

— 

-  5.5 

- 

— 

5.5  — 

MS 

L_ _ 

to  0.01% 

-  6.0 

-  6.0 

— 

— 

6.0  - 

r'TES: 

t  uarantecO  Cul  not  100%  tested, 
ample  tested, 
uaranteed  by  CMR  lest. 


^ECTRICAL  CHARACTERISTICS  at  Vg  =  ±15V.  -55°C  <  Ta  <  12S"C  for  OP-470A. 

unless  otherwise  noted. 

1  UMETCR 

SYMBOL 

CONOmONS 

OP-470A 

MIN  TYP  MAX 

UNITS 

|ut  onset  Voltage 

W 

_ 

0.14 

0.6 

mV 

j-rage  Input 

■  - 

1  'set  Voltage  Drift 

TCVcs 

0.4 

2 

»v/»c 

I'jt  Offset  Current 

*os 

VcM  =  0V 

5 

20 

nA  ^ 

Bias  Current 

i  a 

VcM  =  ov 

- 

15 

50  - 

nA 

1  .:e-Signal 

Vo  =  :l0V 

pitage  Gain 

o 

> 

< 

R^=  lOkll 

.750 

1600 

■ 

V/mV 

Ri_  =  2kn 

400 

800 

— 

1  jt  Voltage  Range 

IV.R 

{Note  1) 

m 

t^2 

— 

V 

l.sul  Vottaae  Swing 

Vo 

Ri.>2kn 

:12 

=  13 

V 

;mfnon-Mode 

1  :ection 

CMR 

VcM==11V 

100 

120 

— 

dB 

1  •'er  Supply 

1  P'e-  7 

election  Ratio 

PSBR 

toriev 

1.0 

5.6 

^v/v 

ply  Current 

.1  Amplifiers) 

'SY 

No  Load 

9.2 

n 

mA 

DTE: 

Guaranteed  Dy  CMR  test. 

. .  ™ 
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OP-470 

TYPICAL  PERFORMANCE  CHARACTERISTICS 


VOLTAGE  NOISE  DENSITY 
vs  FREQUENCY 


VOLTAGE  NOISE  DENSITY 
vs  SUPPLY  VOLTAGE 


CURRENT  NOISE  DENSITY 


FFEOUENCt  (Mil 


INPUT  OFFSET  VOLTAGE 
vs  TEMPERATURE^ 


WARM-UP  OFFSET 
VOLTAGE  DRIFT 


INPUT  BIAS  CURRENT 


-75  -50  -35  0  :S  50  :S.  -  100  125 

TEMPERATURE  CCl 


INPUT  OFFSET  CURRENT 
vs  TEMPERATURE 


INPUT  BIAS  CURRENT  vs 
COMMON-MODE  VOLTAGE 


COMMON-MODE  VOLTAGE  (VOLTS) 
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YPICAL  PERFORMANCE  CHARACTERISTICS 


CMR  vs  FREQUENCY 


TOTAL  SUPPLY  CURRENT 
vs  SUPPLY  VOLTAtSE 


TOTAL  SUPPLY  CURRENT 
vs  TEMPERATURE 


GAINBANOWIDTHlillODUCT(Mlll)  i 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


MAXIMUM  OUTPUT  SWING 
vs  FREQUENCY 


T,  =  }S*C  II 


|■auil]■i|| 

InmiiiiMl 

liiii 

niiiiiiiH 

n 

■I 

in 

niiiiH 

m 

imi 

urn 

mmii 

MAXIMUM  OUTPUT 
VOLTAGE  vs 
LOAD  RESISTANCE 


■ISim!!! 


II 


SMALL-SIGNAL 
OVERSHOOT  vs 
CAPACITIVE  LOAD 


FREOUENCT  rHz) 


LOAD  RESISTANCE  (fl) 


00  SOO  000 
CAPACITIVE  LOAD  (pF) 


OUTPUT  IMPEDANCE 
vs  FREQUENCY 


100  Ik  10k  100k  1M  10M  100M 

FREOUENCT  (Ml) 


SLEW  RATE 
vs  TEMPERATURE 


-TS  -so  -25  0  IS  SO  7S  100  12S 

TEMPERATURE  CCI 


CHANNEL  SEPARATION 
vs  FREQUENCY 


70  _Vs-=«V_ _ L. 

T»  -  2S*C  j 

«  -Vo»20V..,TO  WkHir 


10 


too  Ik  10k  100k  1M 

FREOUENCT  (Ht) 


TOTAL  HARMONIC 
DISTORTION  vs  FREQUENCY 


LARGE-SIGNAL 
TRANSIENT  RESPONSE 


m 


iEH ' 


SMALL-SIGNAL 
TRANSIENT  RESPONSE 


. 

; 

7  i  1  i  ■ 

•  :  i  i 

I  i  'Esa 

Esal  1 

FREOUENCT  (Mil 
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Ii-ICATIONS  INFORMATION 
TAGE  AND  CURRENT  NOISE 

OP-470  is  a  very  low-noise,  quad  op  amp,  exhibiting  a 
3l  voltage  noise  of  only  3.2nV/\/ Hz  @  1kHz.  The 
ptionally-  low  noise  characteristics  of  the  OP'470  is  in 
achieved  by  operating. the  input  transistors  at  high  col- 
r  currents  since  the  voltage  noise  is  inversely  propor- 
I  to  the  square  root  of  the  collector  current.  Current 
1.  however,  is  directly  proporhonal  to  the  square  root  of 
ollector  current.  As  a  result,  the  outstanding  voltage 
:  performance  of  the  OP-470  is  gained  at  the  expense  of 
;nt  noise  performance,  which  is  typical  for  low  noise 
iifiers. 

stain  the  best  noise  performance  in  a  circuit  it  is  vital  to 
rstand  the  relationship  between  voltage  noise  (6^,).  cur- 
noise  (in),  ana  resistor  noise  (et). 


FIGURE  2;  Total  Noise  vs  Source  Resistance  (Including 
Resistor  Noise)  at  10Hz 


[■Diwinii— niiiai^g^Kiil 
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Ikfl,  total  noise  increases  and  is  dominated  by  resistor  noise 
rather  than  by  voltage  or  current  noise  of  the  OP-470.  When 
Rg  exceeds  20kn.  current  noise  of  the  OP-470  becomes  the 
major  contributorto  total  noise. 

Figure  2  also  shows  the  relationship  between  total  noise  and 
source  resistance,  but  at  10Hz.  Total  noise  increases  more 
quickly  than  shown  in  Figure  1  because  current  noise  is 
inversely  propoaional  to  the  square  root  of  frequency.  In 
Figure  2.  current  noise  of  the  OP-470  dominates  the  total 
noise  when  Rg  >  5kn. 

From'Figures  1  and  2  it  can  be  seen  that  to  reduce  total  noise, 
source  resistance  must  be  kept  to  a  minimum.  In  applications 
with  a  high  source  resistance;  the  OP-400.  with  lower  current 
noise  than  the  OP-470,  will  provide  lower  total  noise. 

Figure  3  shows  peak-to-peak  noise  versus  source  resistance 
over  the  0.1  Hz  to  10Hz  range.  Once  again,  at  low  values  of  Rg, 

FIGURE  3;  Peak-To-Peak  Noise  (0.1Hz  To  lOHz)  vs  Source 
Resistance  (Includes  Resistor  Noise) 


the  voltage  noise  of  the  O P-470  is  the  major  contributor  to 
peak-to-peak  noise  with  current  noise  the  major  contributor 
as  Rg  increases.  The  crossover  point  between  the  OP-470 
and  the  OP-400  for  peak-to-p^ak  noise  is  at  Rg  =  17kn. 

The  OP-471  is  a  higher  speed  version  of  the  OP-470,  with  a 
slew  rate  of  SV/^is.  Noise  of  the  OP-471  is  only  slightly  higher 
than  the  OP-470.  Like  the  OP-470,  the  OP-471  is  unity-gain 
stable. 


For  reference,  typical  source  resistances  of  some  signal 
sources  are  listed  in  Table  I. 

TABLE  J 


SOURCE 

DEVICE 

IMPEDANCE 

COMMENTS 

Sirain  gauge 

<soon 

Typically  used  in  low-trenuency 
applications. 

Magnetic 

<isoon 

Low  I3  very  important  to  reduce 

taoenead 

self-magnetization  propiems  when 

direct  coupling  is  used.  OP-470  lo 
can  be  neglected. 


flj  —  SOURCE  RESISTiINCE  (d) 


For  further  information  regarding  noise  calculations,  see 
"Minimization  of  Noise  in  Op-Amp  Applications, "  Applica¬ 
tion  Note  AN-15. 

NOISE  MEASUREMENTS — 

PEAK-TO-PEAK  VOLTAGE  NOISE 

The  circuit  of  Figure  4  is  a  test  setup  for  measuring  peak-to- 
peak  voltage  noise.  To  measure  the  200nV  peak-to-peak 


FIGURE  4:  Peak-To-Peak  Voltage  Noise  Test  Circuit  (0.1  Hz  To  lOHz) 


2-1014  OPERATIONAL  AMPLIFIERS 


REV.  B 


le  specification  of  theOP-470  in  the  0.1  Hz  to  10Hz  range, 
j  ollowing  precautions  must  be  observed: 

I  ,ne  device  has  to  be  w^armed-up  for  at  least  five  minutes. 
Is  shown  in  the  warm-up  drift  curve,  the  offset  voltage 
pically  changes  S/iV  due  to  increasing  chip  temperature 
I  ter  power-up.  In  the  10-second  measurement  interval, 
jhese  temperature-induced  effects  can  exceed  tens- 
pf-nanovolts. 

Dr  similar  reasons,  the  device  has  to  be  well-shielded 
om  air  currents.  Shielding  also  minimizes  thermocouple 
Iffects. 

'  udden  motion  in  the  vicinity  of  the  device  can  also  "feed- 
irough"  to  increase  the  observed  noise. 

PURE  5: 0.1Hz  To  10Hz  Peak-To-Peak  Voltage  Noise 
L  Test  Circuit  Frequency  Response 


4.  The  test  time  to  measure  0.1  Hz-to-IOHz  noise  should  not 
exceed  10  seconds.  As  shown  in  the  noise-tester  fre¬ 
quency-response  curve  of  Figure  S,  the  0.1Hz  corner  is 
defined  by  only  one  pole.  The  lest  time  of  10  seconds  acts 
as  an  additional  pole  to  eliminate  noise  contribution  from 
the  frequency  band  below  0.1Hz. 

5.  A  noise-voltage-density  test  is  recommended  when  mea¬ 
suring  noise  on  a  large  number  of  units.  A  10Hz  noise- 
voltage-oensity  measurement  will  correlate  well  with  a 
O.IHz-to-iOHz  peak-to-peak  noise  reading,  since  both 
results  are  determined  by  the  white  noise  and  the  location 
of  the  1/f  corner  frequency. 

6.  Power  should  be  supplied  to  the  test  circuit  by  well 
bypassed  low-noise  supplies,  e.g.  batteries.  These  will 
minimize  output  noise  introduced  via  the  amplifier  supply 
pins. 

NOISE  MEASUREMENT  —  NOISE  VOLTAGE  DENSITY 

The  circuit  of  Figure  6  shows  a  quick  and  reliable  method  of 
measuring  the  noise  voltage  density  of  quad  op  amps.  Each 
individual  amplifier  is  series-connected  and  is  in  unity-gain, 
save  the  final  amplifier  which  is  in  a  noninverting  gain  of  101. 
Since  the  ac  noise  voltages  of  each  amplifier  are  uncorre- 
fated,  they  add  in  rms  fashion  to  yield: 

eoUT=  101  (VenA^  +  CnB^  +  ) 

The  OP-470  is  a  monolithic  device  with  four  identical  amplifi¬ 
ers.  The  noise  voltage  density  of  each  individuafamplifier  will 
match,  giving: 

eouT  =  101  (v'W  )  =  h01  (2en) 


LIRE  6:  Noise  Voltage  Density  Test  Circuit 
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FIGURE  7:  Current  Noise  Density  Test  Circuit 


NOISE  MEASUREMENT  —  CURRENT  NOISE  DENSITY 

The  test  circuit  shown  in  Figure  7  can  be  used  to  measure 
current  noise  density.  The  formula  relating  the  voltage  output 
to  current  noise  density  is: 


where; 

G  =  gain  of  10000 

■Re  =  lOOkO  source  resistance 


CAPACITIVE  LOAD  DRIVING  AND  POWER 
SUPPLY  CONSIDERATIONS 

The  OP-470  is  unity-gain  stable  ana  is  capable  of  driving 
large  capacitive  loads  without  oscillating.  Nonetheless,  good 
supply  bypassing  is  highly  recommended.  Proper  supply 
bypassing  reauces  problems  causea  by  supply  line  noise  and 
improves  the  capacitive  load  driving  capability  of  the  OP-470. 

In  the  standard  feedback  amplifier,  the  op  amp  s  output  res- 
tance  combines  with  the  load  capacitance  to  form  a  low- 
jass  filter  that  acds  phase  snitt  in  the  feedback  networK  and 
reduces  stability.  A  simple  circuit  to  eliminate  this  effect  is 
shown  in  Figure  8.  The  added  components.  Cl  ana  R3. 
decouple  the  amplifier  from  the  load  capacitance  and  provide 
additional  stability.  The  values  of  Cl  and  R3  shown  in  Figure 
8  are  for  a  load  capacitance  of  up  to  lOOOpF  when  used  with 
the  OP-470. 

In  applications  where  the  OP-470's  inverting  or  nonin.vening 
inputs  are  driven  by  a  low  source  impedance  (under  100(1)  or  ■ 
connected  to  ground,  if  V-  is  applied  before  V-.  or  when  V- 
is  disconnected,  e.xcessive  parasitic  currents  will  flow.  Most 


FIGURE  8:  Driving  Large  Capacitive  Loads 


FIGURE  9:  Pulsed  Operation 
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plications  use  dual  tracking  supplies  and  with  the  device 
Dly  pins  properly  bypasseo.  power-up  wiii  not  present  a 
[  )lem.  A  source  resistance  of  at  least  lOOn  in  series  with  all 
|uts  (Figures)  will  limit  the  parasitic  currents  toasafelevel 
is  disconnected.  It  should  be  noted  that  any  source 
j  stance,  even  lOOn.  adds  noise  to  the  circuit.  Where  noise 
tquired  to  be  kept  at  a  minimum,  a  germanium  or  Schotfky 
Pde  can  be  used  to  clamp  the  V-  pin  ana  eliminate  the 
isitic  current  flow  instead  of  using  series  limiting  resistors. 

I  most  applications,  only  one  diode  clamp  is  required  per 
(ird  or  system. 


JTY-GAIN  BUFFER  APPLICATIONS 

pen  Rf  <  icon  and  the  input  is  driven  with  a  fast,  large- 
al  pulse  (>1V),  the  output  waveform  will  look  as  shown  in 
re  9. 

hng  the  fast  feedthrough-like  portion  of  the  output,  the 
f  !t  protection  diodes  effectively  short  the  output  to  the 

(It,  and  a  current,  limited  only  by  the  output  short-circuit 
lection,  will  be  drawn  by  the  signal  generator.  With  R(S 
n.  the  output  is  capable  of  handling  the  current  require- 
ts  (II^  20mA  at  10V);  the  amplifier  will  stay  in  its  active 
I  le  and  a  smooth  transition  will  occur. 

pen  Rf>3kn,  a  pole  created  by  Rjand  the  amplifier's  input 
acitance  (2pF)  creates  additional  phase  shift  and  reduces 

Ise  margin.  A  small  capacitor  (20  to  50pF)  in  parallel  with 
elps  eliminate  this  problem. 


pLICATIONS 
)W  NOISE  AMPLIFIER 

.mple  method  of  reducing  amplifier  noise  by  paralleling 
Jilifiers  is  shown  in  Figure  10.  Amplifier  noise,  depicted  in 
rare  11,  is  around  2nV/v  Hz  @  1kHz  (R.T.I.).  Gain  foreacn 
filleled  amplifier  and  the  entire  circuit  is  1000.  The  20on 

Jstors  limit  circulating  currents  and  provide  an  effective 
cut  resistance  of  SOfl.  The  amplifier  is  stable  with  a  lOnF 
:acitive  load  and  can  supply  up  to  30mA  of  output  drive. 

ITAL  PANNING  CONTROL 

re  12  uses  a  DAC-8408.  a  quad  8-bit  DAC,  to  pan  a  signal 
ween  two  channels.  The  complementary  DAC  current 
3uts  of  two  of  the  DAC-S408's  four  DACs  drive  current-to- 
age  converters  built  from  a  single  quad  OP-470.  The 
'plifiers  have  complementary  outputs  with  the  amplitudes 
endeni  upon  the  digital  code  applied  to  the  DAC.  Figure 
.hows  the  complementary  outputs  for  a  1kHz  input  signal 
digital  ramp  applied  to  the  DAC  data  inputs.  Distortion  of 
digital  panning  control  is  less  than  0.01®': 
n  error  due  to  the  — ismatching  betwee-  ;  internal  DAC 
jer  resistors  ana  trie  current-to-voltace  leedback  resis- 


-fors  is  eliminated  by  using  feedback  resistors  internal  to  the 
DAC.  Of  the  four  DACs  available  in  the  DAC-8408.  only  two, 
DACs  A  and  C.  actually  pass  a  signal.  DACs  B  and  D  are  used 
to  provide  the  additional  feedback  resistors  needed  in  the 
circuit.  If  the  VrefB  and  VrefD  inputs  remain  unconnected 
the  currrent-to-voltage  converters  using  RfbB  and  RfbD  are 
unaffected  by  digital  data  reaching  DACs  B  and  D. 

FIGURE  10:  Low  Noise  Amplifier 


FIGURE  11:  Noise  Density  of  Low  Noise  Amplifier,  G  =  1000 
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FIGURE  12:  Digital  Panning  Control  Circuit 


OAC  CATA  eus  I 
PINS  »(t.S8)— 1CIMSBI , 


FIGURE  13:  Dicital  Pannino  Control  Cutout 


FIGURE  14;  Souelch  Amplifier 


SQUELCH  AMPLIFIER 

The  circuit  of  Figure  14  is  a  simple  squeich  amplifier  that  uses 
a  FET  switch  to  cut  off  the  output  when  the  input  signal  falls 
below  a  preset  limit. 

The  input  signal  is  sampled  by  a  peas  detector  with  a  time 
constant  set  by  Cl  and  R6.  When  the  output  of  the  peak 
detector,  Vp.  falls  below  the  threshold  voitace.  Vth.  set  py  R8. 
the  comparator  termed  by  op  amp  C  switcr.-^s  from  V-  to  V-r. 
This  drives  the  gate  of  the  N-channel  FET  high,  turning  it  ON. 
reoucing  the  gam  of  the  inverting  amolifier  formed  by  op  amp 
A  to  zero. 
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.-BAND  LOW  NOISE  STEREO  GRAPHIC  EQUALIZER 

graphic  equalizer  circuit  shown  in  Figure  15  provides 
I  of  boost  or  cut  over  a  5-band  range.  Signat-to-noise 


ratio  over  a  20kHz  bandwidth  is  better  than  lOOdB  referred  to 
a  3V  rms  input.  Larger  inductors  can  Be  replaced  by  active 
inductors  but  this  reduces  the  sigpal-to-noise  ratio. 


IRE  15: 5-Band  Low  Noise  Graphic  Equalizer 
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OPA627 

OPA637 

AVAILABLE  IN  DIE 


Precision  High-Speed 
D/fet®  OPERATIONAL  AMPLIFIERS 


FEATURES  _ 

•  VERY  LOW  NOISE:  4.5nV/VHz  at  10kHz 

•  FAST  SETTUNG  TIME: 

OPA627— 550ns  to  0.01% 

OPA637— 450ns  to  0.01% 

•  LOW  V^gt  lOOfiV  max 

•  LOW  DRIFT:  0.8^lVrC  max 

•  LOW  Ig:  5pA  max 

•  OPA627:  Unity-Gain  Stable 

•  OPA637:  Stable  in  Gain  >  5 

DESCRIPTION 

The  OPA627  and  OPA637  D/fet  operaiionaJ  ampli¬ 
fiers  provide  a  new  level  of  performance  in  a  precision 
FET  op  amp.  When  compared  to  the  popular  OPA  111 
op  amp.  the  OPA627/637  has  lower  noise,  lower  Offset 
voltage,  and  much  higher  speed.  It  is  useful  in  a  broad 
range  of  precision  and  high  speed  analog  circuitry. 

The  OPA627/637  is  fabricated  on  a  high-speed,  die¬ 
lectrically-isolated  complementary  NPN/PNP  proc¬ 
ess.  It  operates  over  a  wide  range  of  power  supply 
voltage — ^±4.5 V  to  ±18V.  Laser-trimmed  D/fet  input 
circuitry  provides  high  accuracy  and  low-noise  per¬ 
formance  comparable  with  the  best  bipolar-input  op 
amps. 


APPLICATIONS 

•  PRECISION  INSTRUMENTATION 

•  FAST  DATA  ACQUISITION 

•  DAC  OUTPUT  AMPUHER 

•  OPTOELECTRONICS 

•  SONAR,  ULTRASOUND 

•  HIGH4MPEOANCE  SENSOR  AMPS 

•  HIGH-PERFORMANCE  AUDIO  CIRCUITRY 

•  ACTIVE  RLTERS 

High  frequency  complementary  transistors  allow 
increased  circuit  bandwidth,  attaining  dynamic  per¬ 
formance  not  possible  with  previous  preriaon  FET  op 
amps.  The  OPA627  is  unity-gain  stable.  The  bPA637 
is  stable  in  gains  equal  to  or  greater  than  five. 

D/fet  fabrication  achieves  extremely  low  input  bias 
currents  without  compromising  input  voltage  noise 
performance.  Low  input  bias  current  is  maintained 
over  a  wide  input  common-mode  voltage  range  with 
unique  cascode  circuitry. 

The  OPA627/637  is  available  in  plastic  DIP.  SOIC 
and  metal  TO-99  packages.  Industrial  and  military 
temperature  range  models  are  available. 


DItet*,  BuiT.BfovkTi  Corp. 
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FOS-998E 


INPtrr  IMPEDANCE 

Oifletentiai 

Common-Mode 


INPin’  VOLTAGE  RANGE 
Common-Mode  input  Range 
Over  Specified  Temperature 
Common-Mode  Rejection 


OPEN-LOOP  GAIN 
Open-Loop  Voltage  Gain 
Over  Specified  Temperaajre 
SM  Grade 


FREQUENCY  RESPONSE 
Stew  Bate:  OPA627 
OPA637 

Seffling  Time;  OPA627  O.OTA 
O.T/i 

OPAS37  0.01% 
0.1% 

Gain-Bandwidtn  Product;  OPA627 
OPA637 

Total  Harmonic  Distonion  +  Noise 


POWER  SUPPLY 
Specified  Operating  Voltage 
Operatirig  Voltage  Range 
Currem 


OUTPUT 
Voltage  Output 
Over  Speafied  Temperature 
Cunent  Output 
Short  Cinajit  Currem 
Output  Impedance.  Open-Loop 


TEMPERATURE  RANGE 
Specification;  AP.  BP.  AM.  BM.  AU 
SM 

Storage:  AM.  BM.  SM 
AP.  BP.  AU 
e^.  AM.  BM.  SM 
AP.  BP 
AU 


■  Specifications  same  as  "8*  grade. 

NOTES:  (1)  Ottset  voltage  measured  lutiy  warmed-up.  (2)  High-speed  lest  at  Tj  =  2S'C.  See  Typical  Perlotmance  Curves  tor  warmed-up  performance. 

The  inlonnation  provided  herein  is  Pelieveo  to  be  reliable:  however.  BURR-SP.OWN  assumes  no  responsibility  for  inaccuraoes  or  omissions.  BURR-BROWN  assumes 
no  responsibility  tor  the  use  of  this  intormaiion.  and  all  use  of  such  information  shall  be  entirely  at  the  user's  own  risk.  Prices  and  specifications  are  subjea  to  change 
without  notice.  No  patent  rights  or  licenses  to  any  of  the  circuits  described  herein  are  implied  or  gramed  to  any  third  patty.  BURR-BROWN  does  not  authorize  or  warrant 
any  BURR-BROWN  produa  tor  use  In  life  support  devices  and/or  systeths. 
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DICE  INFORMATION 


OPA627  DIE  TOPOGRAPHY 


Til:  111  ,T  1  •'  IF,  ,55 = 

.iTiriririii  J- 1]'.  5 

■  I:  :i;  :i;  ii;  ■  ..ip  ^\l 

— ^li  fctsCr 


if.-fvSl'ir  11  -nj. 


OPA637  DIE  TOPOGRAPHY 
MECHANICAL  INFORMATION 


MUS((U)01'n  I  MnJJMETERS 


117x80  ±5 
20  i3 


Substrate  Bias:  Oielectricaity  isolated.  See  data  sneetlot  connection  options. 


Die  Size 
DieThidoiess 
Mhi.  Pad  Size 


Transistor  Cotmt  46 

6ad^;  None 


See  ‘OICE  PRC0UCT5‘AppenSxCinBurr*Bn»inOata 
Book,  or  contact  tactory  for  cunent  intormatioo. 


ORDERING  INFORMATION 


ABSOLUTE  MAXIMUM  RATINGS 


Mooa. 

PAOCAGE 

j  TEMPERATURE 

1  RANGE 

OPA627AP 

OPA627SP 

OPA627AU 

OPA627AM 

OPA627BM 

OPA627SM 

RasticOIP 

Plastic  DIP 

SOIC 

TO-99  Metal 

TO-99  Metal 

TO-S9  Metal 

-2S»C  to  -^SS'C 
.  -SS'Cto+SS'C 
-3S»C  to  +85K: 

-25=C  to  ♦es-c 
-25'C  to  +as“c 
-SS'C  to  *12S”C 

OPA637AP 

OPA637BP 

OPA637AU 

OPA637AM 

OPAS37BM 

OPA637SM 

Plasoc  DIP 

Plastic  DIP 

SOIC 

TO-99  Metal 

TO-99  Metal 

TO-99  Metal 

-2S=C  to  ♦85°C 
-^S'C  to  +65“C 
-25=C  to  +65'‘C 
-2S“C  to  ■►«5”C 
-2S'C  to  +8S'C 
-35'C  to  +12S*C 

PACKAGE  INFORMATION'’) 


MODEL 

PACKAGE 

PACKAGE  DRAWING 
NUMBER 

OPA627AP 

Plastic  DIP 

006 

OPA627BP 

Plastic  DIP 

006 

OPA627AU 

SOIC 

132 

OPA627AM 

TO-99  Metal 

.  001 

OPA627BM 

TO-99  Metal 

001 

OPA627SM 

TO-99  Metal 

001 

OPA637AP 

Plastic  Dip 

006 

OPA637BP 

Plastic  Dip 

006 

OPA637AU 

SOIC 

182 

OPA637AM 

TO-99  Metal 

001 

OPA637BM 

TO-99  Metal 

001 

OPA637SM 

TO-99  Metal 

001 

Supply  Voltage 

. .  +in\/ 

--FVj  +  ZVlo-Vj-SV 

. -..TobHv'.i.ZV 

Powpf  nicsipRtiftn . .  . 

.  .  -  looomw 

Operating  Temperature 

_  .  -wr:te*i2S«c 

Storage  Temperaa;re 

tiiC  p9H»<io 

P.  U  Package  .  _  -  _ _ 

Junction  Temperature 

P  U  Packaoe .  . 

*150^  1 

SOIC  (soldering.  3sl _ _ _ 

_  _ +26«;  j 

NOTE:  (1)  For  detailed  drawing  and  dimension  taoie.  please  see  end  ol  data 
stieet.  or  Appendix  0  o(  0urT-6rown  iC  Data  Book. 
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T  •  *2S^.  Vj  =  xl5V  unless  otherwise  noted 


INPUT  VOLTAGE  NOISE  SPECTRAL  DENSITY 
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TOTAL  INPUT  VOLTAGE  NOISE  vs  BANDWIDTH 
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Frequency  (Hj) 


Bandwidth  (Hz) 


VOLTAGE  NOISE  vs  SOURCE  RESISTANCE 
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Resistor  Noise  Only 

Source  Resistance  <0) 


OPEN  LOOP  (BAIN  vs  FREQUENCY 
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Common-Modo  Rcjoction  Ratio  (dD) 
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TYPICAL  PERFORMANCE  CURVES  (CONT) 


Tjj .  ♦2S°C.  Vj  .  ±1SV  unless  oltierwise  noted. 


.OPA627  TOTAL  HARMONIC  DISTORTION  +  NOISE 
vs  FREQUENCY 


Frequency  (Hz) 


INPUT  BIAS  AND  OFFSET  CURRE^^■ 
vs  JUNCTION  TEMPERATURE 


OFASar  TOTAL  HARMONIC  DISTORTION  +  NOISE 
'  vs  FREQUENCY 


INPUT  BIAS  CURRENT 
vs  POWER  SUPPLY  VOLTAGE 


Supply  Voltage  (±Vs ) 


INPUT  BIAS  CURRENT  vs  COMMON-MODE  VOLTAGE 


m 

1 

1 

IHD 

IB 

n 

ME 

man 

HH 

m 

II 

1 

wm 

■ 

HI 

1 

1 

nm 

n 

n 

Hn 

1 

m 

IBI 

m 

1 

1 

nm 

m 

n 

ipg 

sn 

BH 

m 

1 

1 

m 

1 

SiD 

un 

1 

Bl 

1 

Bl 

m 

& 

m 

H 

HHl 

HI 

mn 

1 

n 

GB 

nj 

HB 

1 

Bl 

m 

Si 

wm 

m 

m 

DB 

■B 

B 

m 

-15  -10  -5  0  5  10  15 

Common-Mode  Voltage  (V) 


0  1  a  3  4  ;  6 

Time  From  Power  Tum-On  (Min) 


Burr-Brown  IC  Data  Book- — Unear  Products 


BURR.BROWN* 


2.186 


Or,  Call  Casimt  Service  al  I -SSII-SIS-SISS  jCSt  Oelfj 

TYPICAL  PERFORMANCE  CURVES  (Cont) 


Tj  =  +2S°C.  V,  =  ±15V  unless  ottierwise  noted. 


MAX  OUTPUT  VOLTAGE  vs  FHEQUENCY 
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Frequency  (H2) 


SETTUNG  TIME  vs  ERROR  EANO 


CO 


SETTUNG  TIME  vs  CLOSED-LOOP  GAIN  CO 


CL 


Error  Band  (%) 


Load  Capacitance  (pF) 


APPLICATIONS  INFORMATION 

The  OP.A627  is  unity-gain  stable.  The  OPA637  may  be  used 
to  achieve  higher  speed  and  bandwidth  in  circuits  with  noise 
gain  greater  than  five.  Noise  gain  reiers  to  the  closed-loop 
gain  of  a  circuit  as  if  the  non-invening  op  amp  input  were 
being  driven.  For  example,  the  OPA637  may  be  used  in  a 
non-inverting  amplifier  with  gain  greater  than  five,  or  an 
inverting  amplifier  of  . gain  greater  than  four. 

WTien  choosing  between  the  OP.A627  or  OP.A637,  it  is 
imponant  to  consider  the  high  frequency  noise  g-oin  of  your 
circuit  configuration.  Circuits  with  a  feedback  capacitor 
(Figure  1)  place  the  op  amp  in  unity  noise-gain  at  high 
frequencv-.  These  applications  must  use  the  OPA627  for 
proper  stability.  An  exception  is  the  circuit  in  Figure  2. 
where  a  small  feedback  capacitance  is  used  to  compe  isate 
for  the  input  capacitance  at  the  op  amp's  invening  inp  jt.  In 
this  case,  the  closed-loop  noise  gain  remains  constant  with 
frequenev'.  so  if  the  closed-loop  gain  is  equal  to  five  or 
greater,  the  OPA637  may  K'  used. 
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RGURE  1.  Circuits  with  Noise  Gain  Less  than  Five  Require 
the  OPA627  for  Proper  Stability. 
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OFFSET  VOLTAGE  ADJUSTMENT 

The  OPA627/637  is  laser-trinnned  for  low  offset  voltage 
and  drift,  so  many  circuits  will  not  require  external  adjust¬ 
ment.  Hgure  3  shows  the  optiOTial  connection  of  an  external 
potentiometer  to  adjust  offset  voltage.  This  adjustment  riiouid 
not  be  used  to  compensate  for  offsets  created  elsewhere  in  a 
system  (such  as  in  later  amplification  stages  or  in  an  A/D 
convener)  because  this  could  introduce  excessive  tempera¬ 
ture  drift.  Generally,  the  offset  drift  will  change  by  approxi¬ 
mately  4aV/®C  for  ImV  of  change  in  the  offset  voltage  due 
to  an  offset  adjustment  (as  shown  on  Figure  3). 


Five  May  Use  the  OPA637. 


NOISE  PERFORMANCE 

Some  bipolar  op  amps  may  provide  lower  voltage  noise 
penormance.  but  both  voltage  noise  and  bias  current  noise 
contribute  to  the  total  noise  of  a  system.  The  OPA627/637 
is  unique  in  providing  very  low  voltage  noise  and  very  low 
current  noise.  This  provides  c^timum  noise  performance 
over  a  wide  range  of  sources,  including  reactive  source 
impedances.  This  can  be  seen  in  the  penormance  curve 
showins  the  noise  of  a  source  resistor  combined  with  the 


noise  of  an  OPA627.  Above  a  2IdQ  source  resistance,  the  op 
amp  contributes  little  additional  noise.  Below  IkG,  op  amp 
noise  dominates  over  the  resistor  noise,  but  compares 
favorably  with  precision  bipolar  op.  amps. 

CIRCUIT  LAYOUT 

As  with  any  high  speed,  wide  bandwidth  circuit,  careful 
layout  will  ensure  best  performance.  Make  short  direct 
interconnections  and  avoid  stray  wiring  capacitance^ — es¬ 
pecially  at  the  input  pins  and  feedback  circuitry. 

The  case  connection  (pin  8  of  TO-99  metal  package  only) 
should  be  connected  to  an  AC  ground  for  lowest  possible 
pickup  of  external  fields.  While  DC  ground  would  be  the 
most  likely  choice,  pin  8  could  also  be  coimeaed  to  either 
power  supply.  (The  case  is  not  internally  connected  to  the 
negative  power  supply  as  it  is  with  most  common  op  amps.) 
For  lowest  possible  input  bias  current,  the  case  may  be 
driven  as  a  guard — see  Input  Bias  Current  section.  Pin  8  of 
the  plastic  DIP  and  SOIC  versions  has  no  internal  connec¬ 
tion. 

Power  ,  supply  connections  should  be  bypassed  with  good 
high  ftequency  capacitors  positicHied  close  to  the  op  amp 


FIGURE  3.  Optional  Offset  Voltage  Trim  Circuit. 


Nortinvertma 


Buffer 


In  o— 


Invecing 


-vWn 


Soard  Layout  for  Input  Guarding: 

Guam  top  and  bonom  ot  txaard.  .  __ 

Alternate— use  Tellon*  standott  for  y 
sensitive  input  pins.  -i- 

Tellon*  E.I.  du  Pont  de  Nemouis  &  Co. 

NOTE:  (1)  Case  conneaed  to  pin  8  on 
TO-93  package  only— .see  te«. 


-oOut 


Case*’' 


FIGURE  4.  Connection  of  Input  Guard  for  Lowest  I  . 
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pins.  In  most  cases  O.lftF  ceramic  capacitois  are  adequate. 
The  OPA627/637  is  capable  of  high  output  current  (in 
excess  of  45mA).  Applications  with  low  impedance  loads  or 
capacitive  loads  with  fast  transient  signals  demand  large 
currents  from  the  power  supplies.  Larger  bypass  capacitors 
such  as  I piF  solid  tantalum  capacitois  may  improve  dynamic 
performance  in  these  applications. 


INPUT  BIAS  CURRENT 

IDifet  fabrication  of  the  OPA627/637  provides  very  low 
input  bias  current.  Since  the  gate  current  of  a  FET  doubles 
approximately  every  I0°C.  to  achieve  lowest  input  bias 

(current,  the  die  temperature  should  be  kept  as  low  as  pos¬ 
sible.  The  high  speed  and  th^forc  higher  quiescent  current 
i  of  the  OPA627/637  can  lead  to  higher  chip  temperature.  A 

(simple  press-on  heat  sink  such  as  the  Burr-Brown  model 
S07HS  (TO-99  metal  package)  can  reduce  chip  temperature 
by  approximately  15°C.  lowering  the  Ig  to  one-third  its 
I  warmed-up  value.  The  807HS  heat  sink  can  also  reduce  low- 
I  frequency  voltage  noise  caused  by  air  currents  and  thermo- 
*  electric  effects.  See  the  data  sheet  on  the  807HS  for  details. 

I  Temperature  rise  in  the  plastic  DIP  and  SOIC  packages  can 
be  minimized  by  soldering  the  device  to  the  circuit  board. 
Wide  copper  traces  will  also  help  dissipate  heat. 

I  The  OPA627/637  may  also  be  operated  at  reduced  power 
I  supply  voltage  to  minimize  power  dissipation  and  tempera- 
ture  rise.  Using  ±5V  power  supplies  reduces  power  dissipa- 
tion  to  one-third  of  that  at  ±15V.  This  reduces  the  Ig  of  TO- 
1 99  metal  package  devices  to  approximately  one-fourth  the 
I  value  at  ±15V. 

Leakage  currents  between  printed  circuit  board  traces  can 
I  easily  exceed  the  input  bias  current  of  the  OPA627/637.  A 
I  circuit  board  “guard"  pattern  (Figure  4)  reduces  leakage 
effects.  By  sumounding  critical  high  impedance  input  cir- 
I  cuitry  with  a  low  impedance  circuit  connection  at  the  same 
I  potential,  leakage  current  will  flow  harmlessly  to  the  low- 
impedance  node.  The  case  connection  (TO-99  metal  pack- 


V|0 — vw- 
R, 


Diode  Bridge 
BB:  PWS740.3 


ZD,  :10VIN961 


-O  Vo 


Clamps  output 
at  Vo  » 111.5V 


FIGURE  5.  Clamp  Circuit  for  improved  Overload  Recovery. 


age  only)  may  also  be  driven  at  guard  potential  to  minimize 
any  leakage  which  might  occur  from  the  input  pins  to  the 
case.  The  case  is  not  imemally  cotmected  to  -V^. 

Input  bias  current  may  also  be  degraded  by  improper  ban-  CO 
dling  or  cleaning.  Contamination  from  handling  parts  and 
circuit  boards  may  be  removed  with  cleaning  solvents  and  ^ 
deionized  w  ater.  Each  rinsing  operation  should  be  followed 
by  n  30-fninuie  bake  at  85°C 

Many  FET-input  op  amps  exhibit  large  changes  in  input  bias  ^ 
current  with  changes  in  input  voltage.  Input  stage  cascode  ^ 
circuitry  makes  the  input  bias  cunent  of  the  OPA627/637r 
vimiaily  constant  with  wide  common-mode  voltage  changes. 

This  is  ideal  for  accurate  high  input-impedance  buffer  appli¬ 
cations. 


FIGURE  6.  Driving  Large  Capacitive  Loads. 


PHASE-REVERSAL  PROTECTION 
The  OP.4627/637  has  internal  phase-reversal  protection. 
Many  FET-input  op  amps  exhibit  a  pihase  reversal  when  the 
input  is  driven  beyond  its  linear  common-mode  range.  This 
is  most  often  encountered  in  non-inverting  circuits  when  the 
input  is  driven  below  -I2V,  causing  the  output  to  reverse, 
into  the  positive  rail.  The  input  circuitry  of  the  OPA627/637 
does  not  induce  phase  reversal  with  excessive  common¬ 
mode  voltage,  so  the  output  limits  into  the  appropriate  rail. 

OUTPUT  OVERLOAD 

When  the  inputs  to  the  OPA627/637  are  overdriven,  the 
output  voltage  of  the  OPA627/637  smoothly  limits  at  ap¬ 
proximately  2jV  from  the  positive  and  negative  power 
supplies.  If  driven  to  the  negative  swing  limit,  recovery 
takes  approximately  500ns.  When  the  output  is  driven  into 
the  positive  limit,  recovery  takes  approximately  6jis.  Output 
recoveiy  of  the  OPA627  can  be  improved  using  the  output 
clamp  circuit  shown  in  Figure  5.  Diodes  at  the  inverting 
input  prevent  degradation  of  input  bias  current. 
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figure  7.  Input  Protection  Circuits. 
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t^^f,ppiies.  In  this  case,  the  summing  junction  should  be 
with  diode  clamps  connected  td  ground;  Even  with 
^the  low  voltage  present  at  the  summing  junction,  com- 
signal  diodes  may  have  excessive  leakage  current. 


Since  the  reverse  voltage  on  these  diodes  is  clamped,  a 
diode-connected  signal  transistor  can  be  used  as  an  inexpen¬ 
sive  low  leakage  diode^  (Figure  7b).  ■  : . 


UtRGE-SIGNAL  RESPONSE 


When  driven  witti  a  very  fast  input  step  (lelt).  common-mode 
transients  cause  a  slight  variation  in  input  sage  currents  which 
will  reduce  output  slew  rate.  If  the  input  step  stew  late  is  reduced 
(right),  output  stew  rate  wia  increase  slightly. 
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inverting  input. 


FIGURE  9.  OPA627  Dviiamic  Peiformahce.  G  =  -1 . 
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figure  10.  OPA637  Dynamic  Response.  G  =  .S. 
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FIGURE  11.  Settling  Time  and  Slew  Rate  Test  Circuit. 


Input  Common-Mode  T  T  vv\ 

Rafige»±SV  I  I — 1|_ 

101Q<Rc  3pF 


DKIeremlaJ  Voltage  Gain  =  i  *  2Rc  /Fk 


FIGURE  12.  High  Speed  Insmimentation  Amplifier.  Gain  =  iOO. 


Oinercntial  Voltage  Gam.;  d  j-zh.t/'Hg)-  10 


FIGURE  13.  High  Speed  Instrumentation  Amplifier.  Gain  =  1000. 


This  composite  amplifier  uses  the  OPA603  cunem-teedPacK  op  amp  to 
provide  extended  oandwidlh  and  slew  rate  at  high  closed-loop  gain.  The 
leedbaok  loop  is  dosed  around  the  composite  amp.  preserving  the 
predsion  input  charadeiistics  of  the  OPAE27/E37.  Use  separate  power 
supply  Pypass  capacitors  for  each  op  amp. 

'Minimize  capacitance  at  this  node. 


1500 


FIGURE  14.  Composite  Amplifier  for  Wide  Bandwidth. 
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15 
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700 
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NOTE:  (1)  Closest  1/2%  value. 
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DSP101 

bSP102 


DSP-Compatible  Sampling  Singie/Dual 
ANALOG-TO-DIGITAL  CONVERTERS 


FEATURES 

•  ZERO-CHIP  INTERFACE  TO  STANDARD 
DSP  ICs:  AD,  AT&T,  MOTOROLA,  T1 

•  SINGLE  CHANNEL:  DSP101 

•  DUAL  CHANNEL:  DSP102 

Two  Seiial  Outputs  or  Cascade  to  Single 
32-Bit  Word 

•  SAMPLING  RATE  TO  200kH2 

•  DYNAMIC  SPECIRCATIONS: 
Signal/(Noise  +  Distortion)  =  88dB; 
Spurious-Free  Dynamic  Range  =  94dB: 
THD  =  -91dB 

•  SERIAL  OUTPUT  DATA  COMPATIBLE 
WITH  16-,  24-,  AND  32-BIT  DSP  1C 
FORMATS 


DESCRIPTION 

The  DSPlOl  and  DSP102  are  high  performance  sam¬ 
pling  analog-io-digital  conveners  designed  for  sim¬ 
plicity  of  use  with  modem  digital  signal  processing 
ICs.  Both  are  complete  with  all  interface  logic  for  um 
directly  with  DSP  ICs,  and  provide  full  sampling  and 
conversion  at  rates  up  to  200kH2. 

The  DSPlOl  offers  a  single  conversion  channel,  with 
18  bits  of  serial  data  output,  allowing  the  user  to  drive 
16-bit,  24-bit,  or  32-bit  DSP  ports.  The  DSP102  offers 
two  complete  conversion  chanrjels.  with  either  two 
full  18-bit  output  pons,  or  a  mode  to  cascade  two  16- 
bit  conversions  into  a  32-bit  port  as  one  word. 

Both  the  DSPlOl  and  DSP102  are  packaged  in  stan¬ 
dard,  low-cost  28-pin  plastic  DIP  packages.  Each  is 
offered  in  two  performance  grades  to  match  applica¬ 
tion  requirements. 
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!  SPECIFICATIONS 

|electrical 

j  0°C  10  70”C.  ±2.75V  input  signal,  sampling  Ireguency  (y  .  200kHz,  V^+  *  -  ♦SV,  V^-»-5V,  ISMHz  externa)  dock  on  OSC1.  CLKOUT  tisdtoCLKlN.  8MHz 

L  :ata  transfer  dock  bn  XCUC,  data  analysis  bancf-Bmited  to  20kHz.  unless  otnerwise  specified.  ,  - 


DSP101JP 

DSP102JP 


PARAMETER 


RESOLUTION 


ANALOG  INPUT 

Voltage  Range 

Impedance 

Capacitance 


THROUGHPUT  SPEED 
Complete  Cyde 
Throughput  Rate 


'CONOmONS 


Acquisition  +  Conversion 


AC  ACCURACY  m 

Signal  to  (Noise  +  Distortion)  Ratio 

f„  -  1kHz 

y  =  ikHz  (-600B) 
y  .  25kHz 

Total  Harmonic  Distortion 

-  y  -  1kHz 

Spurious-Free  Dynamic  Range 

y  -  1kHz 

Signal  to  Noise  Ratio  (SNR> 

y.tkHz  . 

j  ..  .TYP 

MAX 

I  18 

1 

12.7SV  : 

1 

20 

S 

86 

32 

1  82 

-90 

-66 

92 

88 

'  DC  ACCURACY 
,  iain  Error 
3ain  Error  Mismatch 
.ntegial  Linearity 
Differential  Linearity 
Integral  Linearity  Error 
I  Differential  Unearily  Error 
No  Missing  Codes 
Bipolar  Zero  Error.'" 
n  Bipolar  Zero  Misrrratcti  *" 

I  Power  Supply  Sensnivity 


SAMPUNG  DYNAMICS 
I  Apenure  Delay 
Aperture  Jitter 
Transient  Response 
Overvoltage  Recoverv 


DIGITAL  INPUTS 
-oaic  Levels  (Except  OSCI) 
V, 

V. 

OSCI  Clock 
I  Freouency 

*  Data  Transfer  Clock  (XCLK) 
Freouency 
Duty  Cyde 

Conversion  Clock  (CLKIN) 
j  Freouency 
Duty  Cyde 


DIGITAL  OUTPUTS 

Format 

Coding 

Logic  Levels  (Except  OSC2) 

V.-,. 

OSC2  ■ 

Conversion  Clock  (CLKOUT) 
Drive  Capability 


POWER  SUPPUES 
Rated  Voltage 

V. 

Power  Consumption 
Supply  Current 


TEMPERATURE  RANGE 

Spedlication 

Storage 


DSP.102  Channels 
12.75V  Input  Range 
12.75V  Input  Range 
10.7V  Input  Range 
10.7V  Input  Range 
10.7V  Irput  Range 


BURR-BROWWa 


DSP101/102 


NOTES;  (1)  All  dynamic  spearications  are  Dased  on  204S-poini  FFTs,  using  lour-ierm  Blackman-Harris  window.  (2)  All  speciticatjons  in  dB  are  referred  to  a  fulF 
scale  Input  ±2.75Vp-p.  (3)  Adjustable  to  zero  with  external  potentiometer. 


Magniludo  (dB) 


SIN  AD  (<IG)  <  ^  Nunibor  ol  Convofsions  Yielding  This  Code 


TYPICAL  PERFORMANCE  CURVES  TCONT) 

Al  T,  -  *2S*C,  V.+  -  V-+  -  +57.  V,-  -  V,-  .  -5V,  Sampling  Frequency  t,  -  aoOkHz:  External  Clock  Input  at  OSC1  -  SOI,  -  16MHz.  XCLK  «  401,  -  8MHz;  Using 
2048  Poim  FFT;  Data  analysis  linuted  to  0  to  20kHz  band;  Unless  oihewise  spedfied. 


DYNAMIC  PERFORMANCE  vs  TET-tPERATURE' 
{Ij- ISOkHz  Asyehronous  to  12J288MHZ 
Crystal  Between  OSC1  and  OSC2) 


1,.,'.  lldlz.  tl75V 


N.  snr"^  I  ' 
\^sroRj 

0  25  '  70  85 

Ambient  Temperature  t'C) 
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DYNAM  :  PERFORMANCE  vs  TEMPERATURE 
{Daa  .-nalysis  Over  Full  0  to  lOOkHz  Band) 
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0  '25  70  85 
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HISTOGRAM  OF  5k  CONVERSION  RESULTS  ON  DSP1 02 
(Both  Inputs  Groundeol 


ode  FFF1  rFF7  0000 

Itage  -i2omV  OV 

Outout  Code  and  Eouivalem  Voltage 
(Sinneo  at  16-bit  levoll 


DYNAMIC  PERFORMANCE  VS  CONVERSION  RATE 
(Data  Analysis  over  Fun  0  ID  4/2  Band. 

OSC1  -  12i88MHz.  XCLK -3.072MHz) 

i . IstNAol 

i  i  I  SNR  I  T I 
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Conversion  Rate  ikHz) 


SINAD  vs  INPUT  FREQUENCY 
iDaia  Analysis  over  Full  0  to  tOOkHz  Banal 


±2.75' 


:.75V  Input  (OdBii 


i  ■  i  I  !l  ±0.275VlnDUt(-20d6l  !  HiTH^ 

jH!:[  ■  •  ■  ■  i  :  i  ill 

.I.Ui:i  'lijiil  !  ijliii 

_ i  I  i  i  ±2.7EmV  input  [-60091  I  1  j  fi  | 


TOTAL  HARMONIC  DISTORTION 
vs  INPUT  FREQUENCY 


.  .  I  I  iiU 

±2.75V  Input  (OdB) 
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DSP101/102 


TND(dB) 


MECHANICAL 


P  Pacltag*  — 28-Pln  Plastic,  Double-WIde  DIP 


'absolute  maximum  ratings 


DSP101  PIN  ASSIGNMENTS 


V  +  to  Analog  Common _  _ 

. ::  '  *7V 

v  —  fft  Analog  Common 

-  -TV- 

v  fr»  Htgital  Common  .  . . 

.  VTV 

.  MV 

-r,  4-  n*^v 

.  '  " 

Mavffmrm  Jundfon  Temoeraiure . 

. .  larfi 

_ _ 5fKVW 

DSP101  PIN  CONRGURATION 


VPOT 


VIN 
MSB 
VOS  I  4 

v*-[7] 


Va+ 

DGND 

DGND 

Vo 

CUON 

CLKOLTT 

SSF 


10 


12 


OSC1  13 


OSC2  14 


DSP101 


aaj  AGND 

27|'  REF 

26 1  CAP 

251 

24j 

23( 

221  DGND 
21 1  CONV 

S  sour 


19 


TbI  TAG 

16  i  .XCLK 
15  i  SYNC 


PIN# 

j  NAME 

DESCRffiaWN 

1 

VPOT 

Trim  Reference  Out  lOpF  Taniafum  to  AGNO. 

iBa 

Analog  hi. 

MSB  At^usl  In. 

VOS  Ac§tBt  In. 

S 

V*- 

-5V  Analog  Power.  ^ 

6 

V 

+SV  Analog  Power. 

7 

DGND 

Digital  Ground. 

a 

lESZgl 

Digital  Ground. 

9 

Vf 

+5V  Digits  Power. 

10 

CLKIN 

Conveison  Cloch  In. 

n 

CLKOUT 

Conversion  Clocit  Out  Can  drive  multiple 
OSP101/DSP102S  to  synchronize  converstert 

12 

SSF 

Select  Synch  Format  In.  If  HIGH.  SYNC  win  be 
active  High.  If  LOW,  SYNC  wW  be  active  Low. 
See  timing  diagram  (Figure  1). 

13 

OSCl 

OseHlalor  Point  1  Input/Exlemaf  Cloch  In.  If  using 
extemaf  ciodt  drive  with  74HC  logic  levels- 
Comiect  to  DGNO  if  not  used. 

14 

0SC2 

Oseillalot  Point  2  Output  Provides  drive  for 
crystal  osciliator.  Make  no  electrical  connection  if 
using  external  dock. 

IS 

SYNC 

Data  Synchronization  Out  Active  High  when  SSF 
is  HIGH;  active  Low  when  SSF  is  LOW. 

16 

XCLK 

Data  Transfer  Clock  In. 

17 

No  Internal  Connection. 

18 

TAG 

User  Tag  la  Data  docked  into  this  pin  is 
appended  to  the  conversion  results  on  SOUT. 

See  timing  ttiagrain  (Figure  1). 

19 

Nd  Internal  (Connection. 

20 

sour 

Serial  Data  Out  MSB  tiist  Binary  Two's 
Complement  lorniaL 

21 

CONV 

Conveit  Command  bu  Fating  edge  puts  oonvettaf 

into  hold  state,  initiates  conversion,  and  transmits 

previous  dxiversian  rasulls  to  OSP  1C  witti 
appiopriate  SYNC  pulse. 

22 

DGNO 

Digiml  Ground. 

23 

No  imemal  Connectioa 

24 

No  Internal  Connection. 

25 

No  Internal  Connection. 

26 

CAP 

Bypass  Capacitor.  1 0pF  T ancalum  to  AGNO. 

27 

REF 

Reference  Bypass,  0.1  pF  Ceramic  to  AGND. 

28 

AGND  y 

^nalog  Ground.  1 

II  he  information  provided  herein  is  believed  to  be  reticle;  however.  BURR-BROWN  assumes  no  responsibility  tor  inaccuracies  or  omissions.  BURR-BROWN  assumes 
10  responsibility  lor  the  use  of  this  information,  and  ail  use  ol  such  information  shall  be  entirely  at  the  user's  own  nsk.  Prices  and  specifications  are  subject  to  change 
without  notice.  No  patent  hphis  or  licenses  to  any  of  the  circuits  described  herein  are  implied  or  granted  to  any  third  party.  BURR-BROWN  does  not  authorize  or  warrant 
any  BURR-BROWN  produCT  for  use  in  }ife  support  devices  and/or  systems. 
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DSP102  PIN  CONRGURATION 


VPOTA 

E 

- 

2£ 

J  AGND 

VINA 

E 

27 

]  REF 

MSBA 

■ 

E 

]  VPOTB 

VOSA 

E 

E 

]  VINE 

V*- 

[l 

24 

1  MSBS 

V 

-s 

23 

VOSB 

DGND 

DSPI02 

22 

CASC 

DGND 

[l 

CONV 

v= 

9 

SOUTA 

CLKIN  j 

10 

TAGS 

CLKOLTT  [ 

11 

TAGA 

SSF  [ 

12 

SOUTH 

OSC1  [ 

13 

XCLK 

0SC2  [ 

14 

SYNC 

ORDERING  INFORMATION 


MODEL 

NUMBER 

OF 

CHANNELS 

SKiNAL-TO- 
(NOISE  *  OIST.)  RATIO 
dS  min 

DSP101JP 

1 

83 

DSP101KP 

1 

86 

DSP102JP 

2 

83 

DSPW2KP 

2 

86 

DSP102  PIN  ALIGNMENTS 


-  PIN1 

1  NAME 

DESCRIPTIOM 

IH 

IH 

Cliannel  A  Trim  Reference  Out  10)iF  Tantatum  to 
AGND. 

IBS! 

Chanel  A  Analog  In. 

■B 

Cl^Ml  A  MSS' Ac^ust  la 

IHggS 

Channel  A  VOS  A($ust  bi. 

5 

V- 

1  -5V  Analog  Power. 

6 

V.+ 

I  +5V  Analog  Power. 

7 

DGND 

1  Digital  Ground. 

8 

DGND 

Digital  Ground. 

9 

V, 

*SV  Digital  Power.  - 

10 

CUIN 

Conversion  Clock  In. 

11 

CLKOUT 

Conversion  Clock  Out  Can  drive  multipie  DSP101/ 
DSP102S  to  syncfironize  cpnversian. 

12 

SSF 

Select  Synch  Format  la  H  HIGH.  SYNC  will  be 
active  High.  If  LOW.  SYNC  Wa  be  active  Low.  See 
timing  diagram  (Figure  1). 

13 

OSC1 

OsaHator  Point  1  Input  /  ExtemaJ  Clock  la  If  using 
external  dock,  drive  with  74HC  logic  levels. 

Connect  to  (XxNO  if  not  used. 

14 

OSC2 

Oscillator  Pont  2  OutpuL  Provides  drive  for  crystal 
oscillator.  Make  no  electrical  connection  if  using 
external  dock. 

IS 

SYNC 

Data  Synchronbalion  Out  Active  High  when  SSF 
is  HICaH;  active  Low  when  SSF  is  LOW. 

16 

XCLK 

Data  Transfer  Clock  la 

17 

Channel  B  Serial  Data  Out  MSB  first  Binary 

Two's  Complenient  fbnnaL 

18 

■ 

Channel  A  User  Tap  la  Data  docked  into  this  pin 
is  appended  to  the  conveisioii  results  of  SOUTA. 

See  timing  diagram  (Figiire  1). 

19 

Channel  6  User  Tag  la  Data  docked  into  this  pin 
is  appended  to  the  convaision  results  of  SOUTH.  ' 

See  timing  diagram  (Figure  1). 

20 

SOUTA 

Channel  A  Serial  Data  Old.  MSB  first  Binary 

Two's  Complanrem  format  If  CASC  Is  HIGH.  32 
bits  ot  data  output  with  first  16  bits  being  Channel 

A  data. 

21 

CONV 

Convert  Command  bi.  Falling  edge  puts  convener 
into  hold  state,  initiates  conversion,  and  transmits 
previous  convetskm  results  to  DSP  1C  wim 
appropriate  SYNC  pulse. 

22 

CASC 

Select  Cascade  Mode  Iri  If  HIGH.  0SP102- 
transmits  a  32-bit  word  on  SOUTA.  with  the  first  16 
bits  being  daia  on  Channel  A.  If  LOW,  DSP102 
transmits  data  tor  both  charmels  simultaneously. 

23 

VOSB 

Channel  B  VOS  Ai^ust  In. 

24 

MSBB 

Channel  B  MSB  Ar^ust  In. 

25 

VINB 

Charuial  B  Analog  tai. 

26 

VPOTB 

Channel  B  Trim  Reference  Out  tOpF  Tantalum  to 

AGND. 

27 

REF 

Reference  Bypass.  0.1  tiF  Ceramic  to  AGND. 

28 

AGND 

Analog  Ground. 
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NOTES:  (1 )  When  using  a  DSP  1C  In  a  16  bil  mode,  Ihesa  data  bits  will  be  Ignored  by  iHe  processor.  (21 must 
be  at  least  72  timos  lasler  than  the  conversion  rale.  (I,.  I,  i  72 1,,)  .  I 


THEORY  OF  OPERATION 

The  DSPIOI  and  DSP102  are  sampling  analog-to-digiml 
converters  optimized  for  handling  dynamic  signals.  They 
have  complete  logic  interfece  circuitry  for  ease  of  use  with 
standard  digital  signal  processing  ICs,  and  transmit  data 
words  in  a  serial  stream.  The  successive  approximation 
conversion  architecture  is  combined  with  an  inherently  sam¬ 
pling  switched  capacitor  array  to  provide  maximum  user 
flexibility  over  sampling  and  conversion  timing. 

The  DSPIOI  and  DSP102  are  pipelined  internally.  When  the 
user  gives  a  convert  command  at  time  (t),  two  actions  arc 
initiated.  First,  the  internal  sample/holds  are  switched  to  the 
hold  state,  and  a  conversion  cycle  is  initiated.  At  the  same 
time,  the  DSPIOI  or  DSP102  transmits  a  synchronization 
pulse  and  starts  shifting  out  the  conversion  results  from  the 
previous  convert  command  at  (t-1)  using  the  system  bit 


A  unique  Tag  feature  allows  additional  digital  data  to  be 
appended  to  the  conversion  results,  so  that  a  single  data 
word  contains  conversion  results  plus  other  signal  informa¬ 
tion,  such  as  gain  settings  or  multiplexer  channel  settings  in 
front  of  the  converter. 

The  DSPIOI  and  DSP?  02  arc  high-resolution  A/D  convert¬ 
ers  complete  with  sampling  capability  and  on-board  refer¬ 
ences.  They  can  acquire  and  convert  analog  signals  at  up  to 
a  200kHz  sampling  rate.  Both  operate  from  ±5V  supplies, 
and  have  full-scale  analog  input  ranges  of  ±2.75V. 

BASIC  OPERATION 

Figure  2  shows  tire  minimum  connections  required  to  oper¬ 
ate  the  DSPIOI.  The  falling  edge  of  a  convert  command  on 
pin  21  puts  the  internal  sampling  capacitor  array  into  the 


clock.  The  data  from  the  conversion  at  time  (t)  is  shifted  out 
of  the  converter  after  the  next  convert  command  is  received. 

Both  the  DSPIOI  and  the  DSP102  are  18-bit  A/Ds  inter¬ 
nally.  When  the  DSP  IC  is  programmed  to  accept  16-bit 
word  lengths,  the  processor  will  ignore  the  last  two  data  bits 
transinitted  from  the  DSPIOI  or  DSP102.  A  Cascade  Mode 
on  the  DSP102  can  be  invoked  to  transmit  data  for  both 
conversion  channels  over  a  single  serial  line  as  a  32-bit 
word.  In  tiiis  mode,  the  tir^  16  bits  of  data  transmitted  after 
the  Sync  pulse  contain  data  from  channel  A,  followed  by  16 
bits  of  information  from  channel  B,  allowing  a  single  32-bit 
word  to  contain  data  for  both  channels. 


_ ^hold  state.  The  falling  edge  on  pin  21  also  starts  the  process 

to  initiate  a  conversion  and  transmit  data  from  the  previous 
conversion,  synchronizing  both  appropriately  to  the  lOMHz 
clock  input  on  pin  13.  Figure  1  shows  the  timing  relationship 
between  the  conven  command,  the  output  data,  and  the 
synchronization  pulse. 

In  this  basic  system,  the  lOMHz  clock  is  used  both  to 
generate  a  333MHz  conversion  dock  and  as  the  data  trans¬ 
fer  bit  clock  for  outputting  data.  Per  Figure  1,  there  must  be 
at  least  72  clock  pulses  on  pin  13  between  convert  com- 
marids,  so  fh^t  this  circuit  can  sample  and  convert  at  up  to 
138kHz. 


±2.75  Analog  Input  r\./) 
1 


lOMHz.  50% O - 

(±10%)74HC 
Logic  Level  Clock  Input 


1  VPOT 

AGND 

28 

VIN 

REF 

27 

MSB 

CAP 

26 

ss 

VOS 

NC 

25 

VA- 

NC 

24 

VA+ 

NC 

23 

OGND 

OGND  1 

e1 

OGND 

CONV 

VO 

SOOT 

CLKIN 

NC 

]i] 

CLKOUT 

TAG 

3 

SSF 

NC 

OSCl 

XCLK 

if 

OSC2 

SYNC 

Is}- 

^•lOpF 


Convert  Command 


Senai  Data  (Output 


NOTE:  (1)  Leave  Unconneaed. 


■  Analog  Ground  -  Digilal  Ground 


FIGURE  2.  DSPIOI  Basic  Operation. 
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The  conven  command  af  pin  21  causes  a  Sync  pulse  to  be 

(output  on  pin  15,  followed  by  the  data  froni  the  previous 
conversion  output  on  pin  20.  The  Sync  pulse  will  be  HIGH 
for  one  bit  clock  cycle,  since  pin_12  is  tied  HIGH.  (A  LOW 
Sync  pulse  will  be  output  on  pin  15  if  pin  12  is  tied  LOW.) 
Data  is  serially  transrnined  in  an"  MSB-first  data  stream,  in 
'  Binary  Two’s  Complement  r'onnat.  Both  the  Sync  pulse  (pin 
15)  and  the  data  stream  (pm  20)  are  synchronized  to  the  bit 
clock  (at  pins  13  and  16),  with  the  timing  relationships 
shown  in  Figure  1. 

After  the  18  bits  of  data  from  the  previous  conversion  have 
been  transmitted,  pin  20  will  continue  to  clock  out  LOWs 
until  a  new  convert  command  restarts  the  process,  since  pin 
18  (the  Tag  input)  is  grounded.  If  pin  18  is  tied  HIGH,  pin 
20  will  clock  out  HIGHs  between  conversion  ci.’cles. 


CONVERSION 

[  A  falling  edge  on  pin  21  (CONV)  puts  the  internal  sampling 
capacitors  in  the  hold  state  with  minimum  aperture  jitter, 
initiates  a  conversion  synchronized  to  the  conversion  clock, 
and  outputs  the  data  from  the  previous  conversion  with  an 
appropriate  Sync  pulse.  On  the  DSP102,  a  single  convert 
command  simultaneously  samples  both  channels.  The  tim¬ 
ing  relationship  between  the  convert  command.  Sync  and 
the  ouqnit  data  is  shown  in  Rgure  1.  Both  Sync  and  the 
output  dau  are  synchronized  to  XCLK,  the  system  bit  clock. 
Following  a  convert  command  falling  edge,  pin  21  must  be 
held  LOW  at  least  50ns. .  — 

Conven  commands  can  be  sent  to  the  DSPIOI  and  DSP102 
completely  asynchronous  to  other  clocks  in  the  system.  This 
allows  external  events  to  be  used  to  trigger  conversions. 

From  Figure  1.  it  can  be  seen  that  two  different  clocking 
conditions  must  be  considered  in  determining  the  minimum 
acceptable  time  between  convert  commands.  Hrst.  there 
need  to.be  a  minimum  of  24  XCLK  periods  between  convert 
commands,  to  allow -internal  synchronization  and  transmis¬ 
sion  of  Sync  and  the  data.  (In  the  Cascade  Mode  on  the 
DSP  102.  there  need  to  be  at  least  40  XCLK  periods  between 
convert  commands,  to  allow  transmission  of  the  32-btt  data 
words.)  When  used  with  DSP  processors  prograiraned  for 
data  words  longer  than  16-bits,  the  cansmission  time  to  the  - 
processor  may  determine  the  minimum  time  between  con¬ 
vert  commands. 

The  second  limitation  on  conven  commands  is  the  require¬ 
ment  that  the  internal  analog-to-digital  convener  be  given 
enough  time  to  complete  a  conversion,  shift  the  data  to  the 
output  register,  and  acquire  a  new  sample.  This  condition  is 
met  by  having  a  minimum  of  24  CLKIN  periods  between 
conven  commands,  or  a  minimum  of  72  clock  cycles  on 
OSC I .  if  it  is  used  to  generate  the  conveision  clock  (CLKOUT 
driving  CLKINI. 

SIGNAL  ACQUISITION 

After  a  conversion  is  completed,  the  DSPIOI  or  DSP102 
will  switch  back  to  the  sampling  mode.  With  at  least  24 
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CLKIN  periods  between  convert  commands,  the  A/D  will 
have  had  sufficient  time  to  acquire  a  new  input  sample  to  full 
rated  accuracy. 

DATA  FORMAT  AND  INPUT  LEVELS 

The  DSPIOI  and  DSPI02  output  serial  data.  MSB  first,  in 
Binary  Two’s  Complement  format.  In  the  Cascade  Mode  on 
the  DSP102,  the  serial  data  will  first  contain,  16  bits  of  data 
for  channel  A,  MSB-first,  followed  by  channel  B  data,  again 
MSB-first.  The  analog  input  levels  that  generate  specific 
output  codes  are  shown  in  Table  I.  , 

As  with  ail  standard  A/Ds,  the  first  output  transition  will 
occur  at  an  analog  input  voltage  1/2  LSB  above  negative  full 
scale  (—2.75V  +  1/2  LSB)  and  the  last  transition  .will  occur 
3/2  LSB  below  positive  full  scale  (+2.75V  -  5/2  LSB.)  See 
Figure  3. 


FIGURE  3.  Analog  Input  to  Digital  Output  Diagram. 


V 

DESemPTON 

ANALOG 

INPUT 

DIGtTAL  OUTPUT 
(BtMARY  TWO’S  COMPLEMEMI) 

BINARY  CODE 

t6.BIT 

WORDS 

(HEX) 

IB-BIT 

WORDS 

(HEX) 

Least  Sianificam  8it 

5  SV 

(LS6  .  —  ) 

Worts 

I8.bit  Words 

S4.uV 
-  2tuV 

' 

Input  Range 

zZTSV 

1 

»  Fun  Scale 
(2.7SV-1LSB) 

*2.74991  eV 
+2.r49979V 

7FFE 

tFFR= 

Bipolar  Zero 
(Midscale) 

cv 

000...000  i  0000 

1 

00000 

One  LS5  below 
Bipolar  Zero 

-S4uV 
-21  uV 

iii...in  ) 

FFFF 

3FFFF 

-  Full  Scale 

-2.75V 

lOQ.-.OOO  i 

8000 

20000 

T.ABLE  I.  Ideal  Input  Voltage  vs  Output  Code. 
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FIGURE  4.  Output  Structure  of  DSP  1 02. 

DATA  TRANSFER 

The  intetuai  A/Ds  generate  18  bits  of  data,  transmining  the 
data  MSB  first  When  read  by  a  DSP  ,IC  programmed  to 
accept  16  bits  of  data,  the  fiist  16  MSB  bits  of  data  from  the 
DSPIOI.  oreach  channel  of  the  bSP102,  will  be  shifted  into 
the  processor's  input  shift  register,  and  the  last  two  least 
significant  bits  of  data  from  the  A/D  will  be  ignored, 
although  they  will  still  be  present  on  the  serial  data  line. 
When  the  DSP  processor  is  programmed  to  accept  words  of 
more  than  16-bit  length  (typically  2>«Bit  or  32-bit),  the 
DSPIOI  andDSP102  will  transmit  the  full  1  S-bit  conversion 
results,  after  which  the  information  input  on  the  TAG  input 
(or  T.4GA  and  TAGB  on  the  DSP102)  will  be  appended  to 
the  output  word.  (See  Tag  Feature  below.) 

In  the  Cascade  Mode,  the  DSP102  will  first  transmit  the  16 
MSBs  from  channel  A.  followed  by  the  full  18-bits  from 
channel  B,  although  DSP  processors  programmed  to  accept 
32  bits  of  data  will  ignore  the  final  two  bits  of  information 
on  Channel  B.  See  the  DSP102  Cascade  Mode  section  below 
for  details  of  the  Cascade  mode. 

DATA  SYNCHRONIZATION 

A  convert  command  both  initiates  a  conversion  and  starts 
the  process  for  transmining  data  from  the  previous  conver¬ 
sion.  Convert  commands  can  come  at  any  time,  completely 
asynchronous  to  the  conversion  clock  or  the  bit  clock,  and 


the  conversion  clock  may  also  be  independent  of  the  bit 
clock.  The  DSPIOI  and  DSP102  Lnienjally  synchronize  die 
output  data.  Sync  pulse,  and  Tag  inputs  to  the  bit  clocio 

■While  the  convert  command,  converatm  clock  and  bit  clock 
can  be  asynchronous,  system  performance  is  usually  en¬ 
hanced  by  synchronizing  all  of  tihem  to  a  system' master 
clock,  whenever  the  application  permits.  This  mimmizes 
changes  in.digital  loads  and  ctinents  when  the  critical  S/H 
transition  and  A/D  bit  decisions  ate  occurring.  'Within  the 
DSPIOI  and  DSP1D2  themselves,  running  a^mciuonous 
convert  commands,  conversion  clocks  and  bit  clocks  typi¬ 
cally  degrades  performance  only  several  dB.  as  show  in  the 
vruious  typical  performance  curves,  but  the  system  board 
design  can  easily  have  more  effect. 

■When  a  convert  command  is  received,  the  internal  logic 
generates  an  appropriate  Sync  pulse,  syhcdironized  to  XCLK, 
as  shown  in  Figure  1.  The  output  Sync  pulse  will  be  active 
High  or  active  Low  depending  on  whedicr  a  HIGH  or  a 
LOW,  respectively,  is  input  at  SSF  (pin  12). 

The  convert  command  also  causes  the  conversion  results 
from  the  previous  conversion  to  be  loaded  into  the  output 
shift  register,  synchronous  to  XCLK.  Figure  4  shows  the 
operation  of  the  internal  data  shift  registers  on  the  DSP102. 
The  DSPIOI  is  basically  similar,  but  includes  only  the  top  of 
the  figure,  showing  the  SOUTA  path. 
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During  the  internal  successive  approximation  conversion 
i  process,  the  conversion  results  are  shifted  into  the  input  shift 
I  registers  of  the  output  stage  on  the  DSPI02.  A  new  conven 
*  command  latches  that  data  into  the  18-bit  parallel  latches 
'  shown.  The  intemai  signal  that  also  generates  the  Sync 

I  pulse,  labeled  “Sfaift/Load”inHgure.4,  synchronously  loads 
the  conversion  data  into  the  output  shift  register  on  the  rising 
edge  of  XCLK.  The  conversion  results  are  then  clocked  out 
j  of  the  shift  register  on  subsequent  rising  edges  of  XCLK. 

DATA  TRANSFER  CLOCK 


XCLK  is  the  data  transfer  clock,  or  bit  clock,  for  the  system, 
and  is  an  input  for  the  DSPlOl  or  DSP102.  This  input  is 
TTL-  and  74HC-level  compatible.  The  serial  data  and  SYNC 
outputs  are  synchronized  internally  to  this  clock,  with  data 
valid  on  the  rising  edge  of  XCLK,  per  the  timing  shown  in 
j  Figure  1 .  Data  input  on  pin  1 8  (TAG)  on  the  DSPlOl ,  or  on 
L  pins  18  and  IS  on  the  DSP102  (TAGA  and  TAGS),  will  be 
I  clocked  into  the  output  shift  register  on  the  rising  edge  of 

1*  XCLK,  as  discussed  in  the  Tag  Feature  seaion. 

CONVERSION  CLOCK 


IThe  analog-io-digital  convener  sections  in  the  DSPlOl  and 
DSP102  were  designed  to  provide  accurate  conversions 
under  worst  case  conditions  of  supplies,  tenrpeiatures,  etc. 
j  In  order  to  achieve  a  full  200kHz  sampling  capability,  they 
•  were  designed  to  use  a  33%  dmy  cycle  conveisicn  clock 
I  (GLKIN  on  pin  10)  as  shown  in  Figure  1.  The  clock  is  LOW 


long  enough  for  intemai  analog  circuitry  to  settle  suffi¬ 
ciently  between  fait  decisions  to  insure  rated  accuracy.  Bit 
decisions  in  the  A/D  are  then  made  on  the  rising  edge  of 
CLKIN. 
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FIGl-iRE  5.  DSPlOl  or  DSP102  Conversion  Clock  Qrcirii. 
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When  a  convert  command  is,  received,  the  DSPlOl  or 
DSP102  immediately  switches  the  sampling  capacitors  to 
the  hold  state,  and  then  internally  gates  the  conversion  clock 
to  the  A/D  appropriately.  Allowing  a  minimum  of  24  CLKIN 
pulses  between  conversions  insures  that  there  is  sufficient 
time  for  complete,  accurate  conversions,  and  allows  the 
input  sampling  capacitor  to  fully  acquire  the  next  sample, 
regardless  of  the  liming  between  the  conven  command  and 
CLKIN. 

In  most  applications.  CLKIN  (pin  10)  can  be  driven  from  a 
50%  duty  cycle  clock  without  performance  degradation. 
During  characterization  of  the  DSPIOI  and  DSP102,  the 
performance  of  a  number  of  parts  was  measured  under 
various  conditions  with  a  4.8MHz,  50%  duty  cycle  input  to 
CLKIN  at  a  full  ZOOkHz  conversion  rate  without  noticeable 
degradation. 

OSCILLATOR  INPUTS  AND  CLKOUT 

The  DSPIOI  or  DSPI02  can  generate  a  33%  duty  cycle 
conversion  clock  output  on  CLKOUT  (pin  II).  This  is 
accomplished  by  dividing  by  three  a  clock  from  either  an 
external  74HC-levcl  clock  or  from  a  crystal  oscillator. 
CLKOUT  can  deliver  ±2mA,  and  can  be  used  to  drive 
multiple  DSPIOI  or  DSP102  CLKINs.  See  Rgure  1  for  the 
timing  relationship  between  OSCl  and  CLKOUT. 

To  use  an  external  74HC-level  clock,  drive  the  clock  into  . 
OSCI  (pin  13),  and  leave  OSC2  (pin  14)  Aincotmeaed. 

To  use  a  crystal  oscillator  to  generate  the  conversion  clock, 
refer  to  Rgure  5.  Connect  the  oscillator  between  OSCl  and 
OSC2.  OSC2  provides  the  drive  for  the  crystal  oscillator. 
This  pin  cannot  be  used  elsewhere  in  the  system. 


If  CLKOUT  is  not  used,  both  it  and  OSC2  should  be  left 
unconnected,  and  OSCl  should  be  grounded. 

TAG  FEATURE 

Figure  4  shows  the  implementation  of  the  TAG  feature  on 
the  DSPIOI  and  DSPP02.,  When  a  convert  command  is 
received,  the  internal  Shifr/Load  signal  loads  conversion 
result  data  into  the  output  shift  register  synctonous  to 
XCLK.  Between  convert  commands,  the  infonnarion  input 
on  TAG  (on  the  DSPIOI)  or  on  TAGA  and  TAGB  (on  the 
DSPl  02)  will  be  clocked  into  the  output  shift  register  on  the 
rising  edges  of  XCLK.  Since  this  is  an  18-bit  shift  register, 
the  data  input  on  the  Tag  lines  will  be  output  on  SOUT 
(DSPIOI)  or  SOUTA  and  SOUTH  (DSP102)  delayedfry  18 
bit  clocks. 

The  Tag  Feamrc  can  be  used  in  various  ways.  The  Tag 
inputs  can  be  tied  HIGH  or  LOW  to  differentiate  between 
two  converters  in  a  system.  As  discussed  in  the  Applications 
section  below,  the  Tag  feature  can  be  used  to  append  to  the 
se.tial  output  data  word  information  on  multiplexer  charmer 
address,  or  other  digital  data  related  to  the  input  signal  (sudi 
as  the  setting  on  a  programmable  gain  an^Ufier.)  Another 
option  would  be  to  daisy-chain  multiple  DSFIHI  or  DSP102 
conveners,  linkmg  the  serial  output  of  one  to  the  T^  input 
of  the  nexL  This  can  simplify  the  oransmission  of  dat^  totn 
muldple  A/Ds  over  a  single  opdcai  isolation  cbanneL 

DSP102  CASCADE  MODE 

If  pin  22  (CASQ  is  tied  HIGH,  the  DSP  102  wfll  be  m  the 
Cascade  Mode.  In  this  mode,  when  a  conven  command  is 
received,  the  DSPl  02  will  transmit  a  32-bit  data  word  on  pin 
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20  (SOUTA)  containing  data  for  both  input  channels  in  two 
i  16-bit  words.  Referring  to  Figure  1.  the  first  16  bits  of  data 
I  will  be  the  results  for  channel  A.  followed  by  16  bits  of 
r  information  for  channel  B.  The  data  will  be  transferred  MSB 
'  first.  A  convert  command  at  time  (t)  will  initiate  the  trans- 

i  mission  of  the  results  of  the  conversion  initialed  at  time 
(t-D- 

From  the  descriptions  above  of  the  internal  shift  registers 
shown  in  Figure  4,  it  can  be  seen  that  the  DSP102  in  the 
Cascade  Mode  actually  continues  to  shift  out  data  after  the 
32nd  bit  of  the  data  word.  Tlje  next  two  bits  clocked  out  will 
be  the  last  two  data  bits  from  the  full  18-bit  conversion  on 
chamiei  B.  after  which  the  information  output  on  SOUTA 
will  be  the  information  clocked  into  TAGB  35  bit  clock 
cycles  earlier. 

In  the  Cascade  mode  on  the  DSP102,  SOUTB  will  still 
output  channel  B  conversion  data  and  tag  data  as  usuaL 

ANALOG  PERFORMANCE 

UNEARITY 

The  DSPlOl  and  DSP102  arc  optimized  for  signal  process¬ 
ing  applications  with  wide  dynamic  range  requirements. 
Linearity  is  trimmed  for  best  performance  in  the  range 
around  OV,  which  is  critical  for  handling  low  amplitude 
signals.  The  DSPlOl  and  DSP102  typically  have  integral 
and  differential  non-linearity  below  ±0.003%  in  the  input 
range  of  ±0.7 V,  with  there  being  no  missing  codes  at  the  14- 
bit  level  in  this  range.  Over  the  full±2.75V  input  range,  the 
largest  non-linearities  are  centered  around- the  bit  #2  transi¬ 
tion  Doints  at  +1.375V  and  -1.375V  levels. 


NOISE  AMD  BITOLAR  ZERO  ERROR 

The  equivalent  input  noise  and  bipolar  zero  error  of  the 
DSPlOi  and  DSP102  is  shown  in  the  typical  performance 
section  for  both  channels  on  a  DSP102.  The  inputs  to  both 
channels  were  grounded,  and  the  results  of:5,000  conver¬ 
sions  was  recorded.  The  data- shown  as  binned  ai  the  16hit 
level.  The  noise  results  hrom  all  sources  in  the  circuit, 
including  clocks,  reference  noise,  etc. 

In  a  theoretically  ideal  convener  with  no  offset  and  no  troise, 
the  results  of  all  5.000  conversion  for  each  channel  would  lie 
in  the  bin  corresponding  to  bipolar  zero,  code  0000.  The 
typical  DSPlOl  or  DSP102  will  have  offset  errors  in  the 
range  of  I  to  2mV,  and  the  two  channels  on  the  DSP102  will 
be  matched  closer  than  2m V.  The  DSP102  shown  in  the 
typical  performance  section  has  the  worst  offset,  -0.8m V, 
on  channel  A,  with  channel  B  being  less  than  ImV  different, 
and  the  three  sigma  noise  on  cither  chatmel  being  than 
250pV. 

INPUT  BANDWIDTH 

From  the  typical  performance  curves,  it  can  be  seen  that 
there  is  very  linlc  degradation  in  Signal-to-{Noise  +,  Distor¬ 
tion)  foHrrput  signals  up  to  10(MIz.  The  wideband  sairmling 
input  typically  maintains  a  60d£  Sigoal-to-(Noise  Distor¬ 
tion)  Ratio  undersampling  500kHz  input  signals. 

LAYOUT  CONSIDERATIONS 

Because  of  the  high  resolution,  linearity  and  speed  of  the 
DSPlOl  and  DSP102,  system  design  problems  such  as 
ground  path  resistaiKe.  contact  resistance  and  power  supply 
quality  become  very  important. 


DSP101  orOSP102<’> 


FIGURE  8.  DSPlOl  or  DSP  102  Optional  MSB  and  Offset  Adjust. 
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Optimal  dynamic  performance  is  achieved  by  soldering  the 
parts  direcriy  into  boards,  to  keep  the  A/Ds  as  close  as 
posnble  to  ground.  The  use  of  sockets  will  often  degrade  AC 
pcrfonnance.  Zerorinscnion-Force  sockets  are.paiticulariy 
poor  because  longer  lead  lengths  create  inductance. 

Short  traces  on  the  board,  and  bypass  capacitors  as  close  as 
possible  to  the  A/D,  will  further  improve  dynamic  perfor¬ 
mance. 

GROUNDS 

To  achieve  the  maximum  performance  from  the  DSPlOl  or 
DSPI02,  care  should  be  taken  to  minimize  the  effect  of 
changes  in  current  flowinr  in  the  system  grounds,  particu¬ 
larly  while  bit  decisions  _re  being  made  in  the  successive 
approximation  converter's  comparator.  Pin  28  (AGND)  on 
both  the  DSPIOI  and  the  DSP102  is  the  most  critical,  and 
care  should  be  taken  to  make  this  pin  as  close  as  possible  to 
the  same  potential  as  the  system  analog  ground. 

Whenever  possible,  it  is  strongly  recommended  that  separate 
analog  and  digital  ground  planes  be  used.  With  an  LSB  level 
of  84uV  at  the  16-bit  level,  and  one-quaner  of  that  at  the  1 8- 
bit  level,  the  currents  switched  in  a  typical  DSP  system  can 
easily  corrupt  the  accuracy  of  the  A/Ds  unless  great  care  is 
taken  to  analyze  and  design  for  current  flows. 


FIGURE  9.  Driving  a  16-bit  Parallel  Pon  from  the  DSPIOI. 


POWER  SUPPLY  DECOUPUNG 

All  of  the  supplies  should  be  decoupled  to  the  appropriate 
grounds  using  tantalum  capacitbrs  in  parallel  with  ceramic 
capacitors,  as  shown  in  Figure  6.  For  oprimum  performance 
of  any  high  resolution  A/D,  all  of  the  supplies  should  be  as 
clean  as  possible.  If  separate  digital  and  analog  supplies  are 
available  in  a  system,  care  should  be  t^en  to  insure  that  the 
difference  between  the  analog  and  the  digital  supplies  is  not 
more  than  0.5V  for  more  than  a  few  hundred  milliseconds, 
as  may  occur  at  power  -'  i. 

INPUT  SIGNAL  CONDmONlNG 

To  avoid  introducing  distortion,  &e  DSPIOI  and  DSP102 
analog  inpue  must  be  driven  by  a  source  with  low  imped¬ 
ance  over  the  input  bandwidth  needed  in  the  application.  Op 
amps  such  as  the  NES532  or  Burr-Brown’s  OPA2604  work 
well  over  audio  bandwidths.  Figure  7  shows  an  appropriate 
input  driver  circuit.  The  150Q  and  220pF  shown  on  the  input 
help  reduce  the  dynamic  load  on  the  input  signal  condition¬ 
ing  amp  in  front  of  the  A/D,  since  all  switched  capacitor 
array  architectures  exhibit  fast  changes  in  input  current  load 
as  the  input  sampling  switch  is  opened  and  closed.  These 
dynamic  changes  in  the  load  can  affea  any  signal  condition¬ 
ing  circuit  at  the  input  Other  R  and  C  combinations  can  be 
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used,  but  the  resistor  should  not  exceed  200Q,  or  the  output 
settling  time  of  the  signal  conditioning  amplifier  may  be  too 
long.  ■  ^  ‘  ■ 

EXTERNAL  ADJUSTMENTS 

All  of  the  specifications  for  the  DSPlOl  and  DSP102,  plus 
the  typical  performance  curves,  are  based  on  the  perfor¬ 
mance  of  these  A/Ds  without  external  trims.  In  most  appli¬ 
cations,  external  trims  are  not  required. 

OFFSET  ADJUST 

Where  required  by  specific  applications,  offsets  can  be 
adjusted  using  Hgure  8.  When  not  adjusted,  VOS  (pin  4)  on 
the  DSPIOl,  and  VOSA  (pin  4)  and  VOSB  (pin  23)  on  the 
DSP  102,  should  be  left  open.  If  these  pins  are  connected  to 
traces  on  the  board,  they  should  be  bypassed  to  ground  with 
0.0  IpF  capacitors,  as  ciose  as  possible  to  the  A/D, 

To  trim  offset,  one  aliemarive  is  to  ground  the  analog  input 
while  converting  continually.  Then  adjust  the  trimpot  (on 
VOS  for  the  DSPlOl,  on  VOSA  and  VOSB  for  the  DSP102) 
until  the  output  code  is  toggling  between  the  codes  FFFF  and 
0000  (Hex)  at  the  16-bit  level  (3FFFF  and  00000  at  the  18- 
bit  level.)  This  will  center  the  offset  at  1/2  LSB  below  OV, 


which  is  respectively -42plV  or-10|iV  at  the  16-  and  18-bit 
levels. . 

The  offset  can  also  be  adjusted  by  providing  a  sine  wave  to 
the  A/D  inpuL  Using  FFT,  :  even  simple  averaging  of 
several  thousand  conversion  results  at  a  time,  the  trimpots 
can  be  adjusted  until  there  is  no  DC  qffser  of  the  .signal. 

Grounding  the  input,  or  providing  the  sine  wave,  as  far  in 
front  of  the  A/D  as  possible  allows  offset  from  intervening 
signal  conditioning  components  to  be  also  corrected  by  this 
procedure. 

MSB  ADJUST 

In  most  applications,  adjustment  of  the  Most  Significant  Bit 
weight  will  not  be  required.  When  not  adjusted,  MSB  (pin 
3)  on  the  DSPlOl,  and  MSBA  (pin  3)  and  MSBB  (pin  24) 
on  the  DSP102,  should  be  left  open.  If  these  pins  are 
connected  to  traces  on  the  board,  they  should  be  bypassed 
to  ground  with  0.0  luF  capacitors,  as  close  as  possible  to  the 
A/D. 

MSB  (pin  5)  on  the  DSPlOl,  and  MSBA  (pin  3)  and  MSBB 
(pin  24)  on  the  DSP102.  are  internally  connected  to  a 
resistor  divider  network  that  is  used  to  laser-trim  the  weight 
of  the  MSB  capacitor  in  the  CD  AC  These  pins  afe.ndmi- 


FIGURE  10.  A  Complete  Eight-Channel  Analog  Input  System  Using  the  DSP202  and  thc  Hl-308A. 
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na]ly  at  +I00mV  after  laser-trimming  during  manufacturing. 
They  can  handle  external  inputs  up  to  about  one  diode  drop 
below  ground  (-0.6V)  before  internal  clamping  circuitry  is 
triggered. 

Figure  8  shows  an  appropriate  circuit  for  adjusting  the 
weight  of  the  most  significant  bit  to  minimize  differential 
non-linearity  at  the  critical  major-carry  transition.  To  adjust. 
provide  a  smaU  amplitude  sine  wave  to  the  selea^  AJD 
input  pin  while  converting  continually,  and  adjust  for  maxi¬ 
mum  Signal-to-(Noise  +  Distortion)  ratio,  using  appropriate 
signal  analysis  software. 

GAIN  ADJUST 

If  circuit  gain  needs  to  be  adjusted  in  hardware^  rather  than 
in  system  software,  appropriate  trimpots  should  be  included 
in  the  analog  signal  conditioning  section  in  from  of  the 
DSPlOl  or  DSPI62.  No  specific  gain  adjust  circuitry  is 
included  in  the  parts. 

APPLICATIONS 

INTERFACING  DSPIOI  ^0  PARALLEL  PORTS 

Figure  9  shows  a  circuit  for  converting  the  serial  output  data 
from  the  DSPIOI  into  16  bits  of  parallel  data,  within  the 
timing  constraints  of  the  serial  bit-stream  from  the  DSPIOI. 

In  many  applications,  this  circuit  can  be  easily  incorporated 
into  gate  arrays  or  other  programmed  logic  circuits  already 
used  in  the  system,  since  the  extra  gate  count  is  not  high. 

This  circuit  adds  an  additional  pipeline  delay  to  the  conver¬ 
sion  data,  so  that  the  parallel  data  from  a  conversion  at  time 


FIGURE  1 1.  .Analog  Inpur  and  Analog  Output  System. 


•  (tj  is  valid  one  conversion  cycle  plus  17  XCLK  clocks  later 
(at  t+1  plus  17  times  XCLK).  A  convert  command  at  time 
(t+1)  generates  a  Sync  and  begins  transmitting  serial  data 
from  sour.  The  serial  data  is  shifted  into  the  74HC594 
shift  registers,  and  Sync  is  shifted  through  the  74HC164 
shift  registers.  The  Q1  <)utput  of  the  74HC74  dual  D-type 
flip-flops  clocks  the  conversion  data  into  the  ouqjut  register 
of  the  74HC594S,  and  triggers  a  data  valid  signal  on  its  Q2 
output.  The  user  can  then  read  the  data  at  any  time  before  the 
next  conversion  is  started,  and  the  Read  signal  will  reset  the 
data  valid  output  from  Q2. 

In  many  systems,  galvanic  isolation  of  signals  is  required. 
Using  bpto-couplers  on  the  serial  data  lines  in  Figure  9 
allows  a  ftiUy  isolated  system  to  be  built  using  a  DSPIOI  and 
only  three  couplers  across  the  barrier  (for  serial  data,  XCLK 
and’  SYNC.) 

MULTIPLEXING  INPUTSTO  THE  DSPIOI 

Fgurc  10  shows  a  completecircuit  for  sequentially  scanning 
eight  analog  input  channels  with  a  single  DSPIOI,  and  using 
the  Tag  feature  on  the  DSPIOI  to  aj^nd  the  multiplexer 
channel  address  to  the  serial  output  conyeision  results. 

The  circuit  in  Figure  10  includes  the  required  digital  logic 
and  timing  logic.  The  74HC163  counter  im>vides  the  scan 
sequence  to  the  Buir-Brown  ffl-SOSA  analog  multiplexer.  In 
order  to  allow  the  HI-508 A  enough  time  to  switch  to  the  next 
channel  and  settle  before  the  DSPIOI  begins  a  conversion, 
a  74HC22I  one-shot  introduces  a  Sjts  delay  for  the  DSPIOI 
convert  command  input 

The  Burr-Brown  OPA627  provides  a  low  impedance  source 
for  the  DSPIOI,  buffering  it  from  the  output  impedance  of 
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ifae  muitipiexer.  This  unity-gain  buffer  minim^  distonion, 
taking  full  advantage  of  the  resolution  and  bandwidth  of  the- 
DSPIOI. 

The  74HC574D  register  delays  the  muitipiexer  address  data 
by  one  conversion  before  appending  the  channel  data  to  the 
serial  conversion  results  from  the  DSPlOl.  This  attaches  the 
channel  address  to  the  correct  conversion  results.  Since  the 
channel  scanning  shown  in  Figure  fO  is  sequential,  this 
delay  latch  could  be  left  out  and  software  could  recognize 
that  the  time  (t)  conversion  results  have  the  MUX  address 
from  the  time  (t-I)  conversion  appended.  However,  for 
systems  using  non-sequential  scan  lists,  this  delay  latch  is 
essential  to  maintain  the  conversion  data  and  channel  ad- 
dress  integrity. 

I  The  74HCI66  synchronous  loading  shift  register  loads  the 
channel  address  tag  data  into  the  shift  register  on  the  rising 
edge  of  the  bit  clock,  in  conjunction  with  the  Sync  output  of 
the  DSPIOI.  The  channel  address  tag  data  Is  then  clocked 
into  the  DSPIOI  Tag  input  (pin  18)  by  the  bit  clock,  while 
the  conversion  data  is  clocked  out  the  other  end  of  the 


DSPIOI  shift-register  (discussed  in  another  section  of  this 
datasheet)  _ 

Figure  !0  was  developed  and  tested  using  a  Burr-Brown 
ZPB34  DSP  board,  which  contains  an  AT&T  DSP32C  so 
that  the  SYNC  output  is  prograiimied  to  be  active  LOW.  The 
circuit  needs  to  be  modified  for  DSP  processors  from  ADL 
IT,  and  Motorola,  which  use  active  HIGH  Sync  pulses.  For 
these  processors,  tie  SSF  (pin  12)  on  the  DSPIOI  HIGH,  and 
use  a  74HC04  hex  invener  to  invert  the  Sync  signal  to  the 
74HC574  and  74HC166. 

The  same  basic  circuit  can  be  duplicated  to  drive  two 
chatmels  in  a  DSPIOI.  or  can  be  easily  modified  for  more  or 
less  than  eight  channels  of  analog  input. 

USING  DSPIOI  AND  DSP102  WITH 
TEXAS  INSTRUMENTS  DSP  ICS 

Figures  1 1  thru  17  show  various  ways  to  use  the  DSPIOI 
and  DSPI02  widf  DSP  ICs  from  the  Texas  Instruments 
TMS320Cxx  series.  For  simplicity,  aD  of  these  circuits  arc 


0SP102 


i2.7SV  Analog  Input  2 
C■^3nne^  A 

_;^7SV  Analog  Input  2S 
Charm^  B 


VINA 

VINE 


XCLK 

SYNC 

SOimA 

SOUTH 

CASC 

SSF 

CONV 


16 


IS 


20 


17 


22 


TTLBit 

Clock 


*5V 


TMS320C30 


CLKR 

FSR-0 

FSR-1 

DH^) 

OR-1 


Ccnveiskjn  Rale 
Generator 


FIGURE  12.  Usins  DSP102  with  TMS320C30. 
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DSP102 


XCLK 

SYNC 

VINA 

SOLTTA 

VINS 

SOUTB 

CASC 

SSF 

CONV 

22 


12 


21 


TTLBit 

Clock 


16 


15 


20 


Lit 


-o  NC 


-O  +5V 


-O  -SV 


TMS320C30 


CU<H.O 

FSRn 

OR-0 


Conversion  Rate 
Generator 


RGURE  13.  Using  DSP102  with  TMS320C30  in  Cascade  Mode. 
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based  on  using  the  TME320Cxx  in  the  mode  where  SSF 
(Select  Synch  Format,  pin  12)  is  tied  HIGH,  so  that  there  is 
an  active  High  synchronization  pulse  generated  by  the 
DSPlOl  or  DSP102  after  receiving  a  conven  command.  The 
synchronization  pulse  can  be  changed  to  active  Low  simply 
by  making  SSF  LOW,  where  appropriate,  without  changing 
the  basic  operation  of  the  A/Ds. 


In  all  cases,  the  DSPlOl  ancl  DSP102  will  transmit  data 
MSB-first,  ^d  the  TMS320Cxx  needs  to  be  programmed 
for  this. 

Figure  11  shows  a  circuit  for  using  the  TMS320C25  or 
TMS320C30  in  a  complete  analog  input  and  analog  output 
system  using  the  DSPI  &1  along  with  the  Burr-Brown  DSP2P1 
D/A. 


OSP202P' 
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CONV  _ I  ConvBfsion  Rate  _ -  'A  cONV 

I  i  Generatori'l 

NOTES:  (1)  Sample  rate  on  DSP102and  OSP202  may  <lif(er.  (2)  Analog  Devices  AOSP21 01  may  be  used.  SPORTI  andSPORTZ 
are  used  for  serial  MSB  first  communicatioa  (3)  See  Burr-Brown  OSP201/DSP202  product  data  stieet  (or  lull  descriptioa  of  BiisOAC. 


HGURE  14.  Two-Channci  Analog  Input  and  Output  System  with  TMS320C30. 


DSPI  02 


C2.75V  Analog  Input  2 

Channel  A  '  VINA 

C2.75V  Analog  input  .-5 

Channel  B  VINS 


i  r 

20 

SOUTB 

— - 0  NC 

15 

Q  ,SV 

CASC 

22 

— - 0  -rSV 

CONV 

21 

■  TMS320C30-- 

CLKR-O  CUO(.0 

ORm  DX-O  ; 


Co.hversion  Rate 
•Senerator'P 


-1£-  XCU< 
-H-  SINA 


21.  SINB  VOUTA 
21.  SYNC  VOUTB 


— SSF 
-1°_  SWL 
-li-  CASC 
-IL  CONV 
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NOTES:  (1)  Program  TMS320C30  lor  32-bit  mode.  (2)  Sample  rate  on  OSP 102  and  DSP202  may  differ.  (3)  DSP32C  may  be  used  in  this  mode, 
i-l)  See  Burr-Brown  DSP201.'202  prooucl  data  sheet-lor  full  descnotion  ol  mis  OAC. 


nOLTRE  15.  Two-Channel  Analog  Input  and  Output  System  with  TMS320C30  in  Cascade  Mode. 
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I  USING  TMS320C3t  TO  GENERATE 
ALL  CONTROL  SIGNALS 

(Figure  17  3hows  a  circuit  for  using^the  TMS320C31  with  a 
DSP102  and  a  Burr-Brown  DSP202  D/A  to  provide  a  two 
channel  analog  I/O  system.  The  flexibility  of  the  TMS320C3 1 

(allows  it  to  generate  the  data  transfer  clock  (XCLK)  and  the 
Conven  Command,  minimizing  additional  circuitry  and  syn¬ 
chronizing  the  timing  signals  to  the  processor’s  master 


clock.  In  this  circuit,  the  DSP102  and  DSP202  arc  used  in 
their  Cascade  modes,  transmitting  and  receiving  two  chan¬ 
nels  of  data  in  a  sjngle  32-bit  word.  (See  the  Cascade  Mode 
section  above.) 

Table  H  shows  how  to  set  up  the  circuit  in  Hgure  17  for  a 
44.1kHz  conversion  rate,  for  both  ch^els  of  the  DSPI02 
A/D  and  both  channels  of  the  DSP202  D/A,  Bofli  inputs  and 
outputs  will  be  simultaneously  converted. 


iZrSV  Anabg  Input 


NOTES;  (1)  Twsazocas  FSR  external.  IS-bit  data. 


HGURE  16.  Using  DSPlOl  with  TMS320C25. 
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HGURE  17.  Two  Channel  ,A.nalog  I/O  Using  TMS320C31. 


■  XCLK 

VOUTA 

>S!NA 

SINB 

SYNC 

VOUTB 

SSF 

SWL 

CASC 

CONV 

-  ±3V  Analog  Output 
Channel  A 


■  ±3V  Analog  Output 
Channel  B 


SERIAL  PORT 

Port  Global  Control  Register 

FSX/OX/CLKX  Port  Control  Register 
FSR/DR/CLKR  Pott  Connol  Register 
Receive/Transmit  Timer  Control  Register 

0X0EBC040 

oxoooooni 

oxoooooni 

OxOOOOOOOF 

TIMER 

Timer  Global  Control  Register 

OX000002C1 

Timer  Period  Register 

OxOOOOOOBS 

NOTH;  Assumes  TMS320C31  has  32MHz  Master  Clock. 

TABLE  II.  TMS320C3 1  Register  Settings  for  44. 1  kHz  Con¬ 
version  Rate  in  Figure  17. 
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USING  DSP101  AND  DSP102 
WITH  MOTOROLA  DSP  ICS 

Reure  18  shows  how  to  use  the  DSPIOl  with  a  Motorola 
DSP560Q1.  Using  the  .DSP102  requires  using  two 
DSP56001S.  The  DSP56(X)1  needs  to  be  programmed  to 
receive  data  MSB-first  with  SYNC  in  the  Bit  Mode. 

SSF  (pin  12)  needs  to  be  tied  HIGH  for  using  either  the 
DSPIOl  or  the  DSP102  with  DSP56001S.  This  will  cause 
the  DSPIOl  or  DSPr02  to  transmit  an  appropriate  actiye 
Hiah  synchronization  pulse  on  SYNC  (pin  15)  after  a  con¬ 
vert  command  is  received  by  the  A/D.  Timing  is  shown  in 
Figure  1. 

USING  DSPIOl  AND  DSP102  WITH  AT&T  DSP  ICS 

Figures  11.19,  20,  and  21  show  how  to  use  the  DSPIOl  and 


DSPI02  with  the  DSP16  and  DSP32C  in  different  modes. 
The  AT&T  processors  need  to  be  programmed  to  accept 
data  MSB-fiist,  and  the  DSPIOl  or  DSP102  needs  to  have 
SSF  (pin  12)  tied  LOW,  so  that  an  appropriate  active  Low 
synchronization  pulse  will  be  transmined  by  the  ATD  after  a 
convert  command  is  received. 

Figures  19  and  20  show  the  DSP32C  and  DSPlb  lespec- 
tivdy  used  with  the  DSPIOl  to  handle  a  single  analog  input 
channel. 

Figure  21  shows  how  to  transmit  to-  a  single  DSP32C 
conversion  results  from  both  DSPI02  channels  in  a  single 
32-bit  word,  using  the  Cascade  mode  on  the  A/D. 

Figure  1 1  indicates  how  to  build  a  complete  analog  input  and 
ankog  output  system  using  a  DSP32C  or  DSP16  with  a 
DSPIOl  and  a  Buir-Brown  DSP201  D/A. 


FIGURE  IS.  Using  DSPIOl  with  DSP5600I. 


FIGURE  19.  Using  DSPIOl  with  DSP32C. 
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DSP1 01/102 


USING  DSP1 01  AND  DSP1 02  WITH  ADI  DSP  ICS 

When  using  the  DSPlOl  or  DSP102  with  the  fixed-point 
ADSP21xx  series,  the  processors  need  to  be  programnied  to 
receive  data  MSB-first 

Figure  22  shows  how  to  use  the  DSP  1 02  with  m  ADSP210I 
to  provide  a  twp-channel  simultaneous  sampling  system. 

Figure  23  shows  the  conneaions  required  to  generate  an 
analog  input  channel  using  an  ADSP2] 05  with  the  DSPIOI. 


The  same  basic  circuit  can  bensed  to  connect  a  DSPIOI  to 
thcADSP2I0I. 

Figure  11  indicates  how  to  build  a  complete  analog  VO 
system  using  cither  the  ADSP2I01  or  the  ADSP2I05  with  a 
DSPIOI  and  a  Burr-Brown  DSP201  D/A. 

The  two  serial  ports  on  the  ADSP2101  can  also  be  used  with 
the  DSP102  and  the  Burr-Brown  DSP202  D/A  to  make  two 
complete  analog  I/O  channels,  as  indicated  in  footnote  2  of 
Fieure  14.  ' 


HGURE  20.  Usine  DSPIOI  with  DSP16. 
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HGURE  22.  Usine  DSP102  with  ADSP-2101. 


t2.75V  AoaJog  Ir^t 


nCURE  23.  Usin2  DSPIOl  with  ADSP-2I05. 


DEM-DSP1 02/202  EVALUATION  BOARD 

.An  evaluation  fi.xture.  the  DEM-DSP102/'202.  is  available  to 
simplify  evaluation  of  the  DSPIOl  and  DSP102.  and  the 
companion  digital-to-analos:  conveners,  the  single  DSP201 
and  dual  DSrc02.  The  DEM-DSP102/202  comes  complete 
with  a  socketed  DSP  102  and  DSP202.  a  breadboard  area. 
TTL  L'O  headers  and  differential  line  drivers  for  data  trans¬ 


fer  options,  a  complete  clocking  circuit  for  the  conversion 
clock  and  bit  clock,  and  analog  filter  modules.  The  board 
makes  it  easy  to  go  from  design  concept  to  woriang  proto¬ 
type  of  a  DSP-based  system,  offering  two  complete  analog 
I/O  channels. 

Contact  your  local  Burr-Brown  representative  for  a  full  data 
sheet  on  the  DEM-DSPl 02/202. 
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Philips'Semiconciuctors  Microcontroller  Products 


Product  speetficstion 


CMOS  singie-chip  8-bit  microcontrollers  .83C75p/87C750 


DESCRIPTION 

The  Philios  8XC750  offers  the  advantages  of 
the  80C51  architecture  in  a  small  package 
and  at  low  cost. 

The  8XC750  Miaocontroller  is  fabricated  with 
Philips  hign-densiiy  CMOS  technology. 

Philips  epitaxial  substrate  minimizes  CMOS 
latch-uo  sensitivity. 

The  87C750  contains  a  1  k  x  8  EPROM,  a 
64  X  8  RAM.  19  I/O  lines,  a  16rbit 
auto-reioao  counter/timer,  a  five-source, 
fixed-ononty  level  interrupt  structure  and  an 
on-chip  csciilator. 


FEATURES 

•  80C51.  based  architecture 

•  Wide  oscillator  freguency  range — up  to 
40MHz 

•  Small  package  sizes 

-  24-pin  DIP  1300  mil  ‘skinny  DIP") 

-  2a-pin  PLCC 

•  87C750  available  in  erasaole  ouanz  lid  or 
one-time  programmabte  plastic  packages 

•  Low  power  consumption; 

-  Normal  operation:  less  ^n  llmA  @  5V. 
12MHz 

-  Idle  mode 

-  Power-down  mode 


PIN  CONRGURATIONS 


vcc 
^  ras/As 

^  PS.StAS 
Ij]  P3.T/A7 

^  punavn 
^  pi.&niTT/Ds 
PI.SHTTOBS 
P1.WIM 
2^  PI. SIDS 
^  P1.2(D2 
2  PI. 1/DI 


ORDERING  INFORMATION 


•  1kx8  P=ROM(87C750) 

'•'ssLli 

Q  Pl.lVOO 

•64x8. -AM 

4  1 

2e 

n  n 

H. 

•  16-bit  auto  reloadable  counter/timer 

£□ 

r  “ 

32S 

•  Boolean  processor 

PLASTIC 

1  leaded 

CHIP 

•  CMOS  and-JTL  compatible 

11 C 

CAitfVSA 

Die 

•  Well  suited  for  logic  replacement 
consumer  and  industrial  applications 

i 

i 

u 

12 

18 

Pm 

Fuflctcft 

Pm 

Function 

•  LED  drive  outouts 

1 

PS.4/A4 

15 

P1.0/D0 

2 

F2.a*A3 

16 

Pl.t/Di 

% 

P22/AS/A^0 

17 

P1.2/D2 

4 

P3.T/A1/A9 

18 

P1.3rt» 

s 

N.C. 

19 

P1.4/D4 

6 

PS.&'AIVAS 

20 

Pl.S/HTTims 

7 

PO.ZV-^ 

21 

N.a  . . .. 

B 

P0.1/Oe-PGM 

22 

N.C. 

9 

PO  0'A$EL 

23 

PV6/IRTT/06 

- 

to 

S.C. 

Z* 

Pt.7/TCVD7 

:t 

S5T 

25 

P3.7/A7 

12 

X2 

26 

P3.6^A6  , 

IS 

XI 

27 

P3.5/AS 

14 

Vss 

25 

Vcc 

- 

ROM 

j  EPROM’ 

TEMPERATURE  RANGE  'C  AND  PACKAGE 

FREQUENCY 

DRAWING 

NUMBER 

1  Pe7C750EBF  FA 

UV 

0  to  •^70.  Ceramic  Dual  In-line  Package 

'3.5  to  16MHZ' 

05868 

1  P87C750EFF  FA 

uy 

■^40  to  -1-85,  Ceramic  Dual  In-line  Package 

3.5  to  16MHz 

0S86B 

P83C730EBP  N 

Pe7C750EBP  N 

OTP 

0  to  +70.  Plastic  Dual  In-line  Package 

041(30 

Pe3C750EFP  N 

P87C7S0EFP  N 

OTP 

—so  to  +85.  Plastic  Dual  In-line  Package 

3.5  to  is;  -  -Z 

041 OD 

P83C750EBA  A 

P87C750EBA  A 

OTP 

0  to  +70.  Plastic  Lead  Chip  Carrier 

3.5  to  16MHz 

0401 F 

Pe3C7SCEFA  A 

P87C750EFA  A 

OTP 

-40  to  +85.  Plastic  Lead  Chip  Carrier 

3.5  to  16MHz 

0401 F 

PE3CT50PBP  N 

PB7C750PBP  N 

OTP 

0  to  +70.  Plastic  Dual  In-line  Package 

3.5  to  40MHz 

041  OD 

P83C730PFP  N 

PB7C750PFP  N 

OTP  1 

—SO  to  +85.  Plastic  Dual  in-line  Package 

3.5  to  40MHz 

041  OD 

P83C750PBA  A 

P87C7S0PBAA 

OTP 

0  to  +70.  Plastic  Lead  Chip  Carrier 

3.5  to  40MHz 

0401 F 

Pe3C7S0PFA  A 

PB7C750PFA  A 

OTP  1 

—so  to  +85.  Plastic  Lead  Chip  Carrier 

3.5  to  40MHz 

0401 F 

P87C750PBF  FA 

UV  ■ 

0  to  +70,  Ceramic  Dual  In-line  Package 

3.5  to  40MHz 

05868 

P87C750PFF  FA 

UV  t 

—SO  to  +85.  Ceramic  Dual  In-line  Package 

3.5  to  40MHz 

0586B 

NOTE: 

1.  OTP  =  One  Time  Proorammable  EPROM.  UV  =  UV  Erasable  EPROM. 


Febmary  11.  1994 


1006  ' 


853-1683  12185 


Philios  SemiconclucJors  Micfocontroller  Products 


Product  specification 


CMOS  single-chip  8-bit  microcontrollers  83C750/87C750 
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Philips  Semiconauaois  Microcontroller  Products  Product  specification 

CMOS  single-chip  8-bit  microcontrollers  83C750/87C750 


PIN  DESCRIPTIONS 


I  PIN  NO. 

MNEMONIC 

DIP/ 

SSOP 

LCC 

TYPE 

Vss 

12 

u 

1 

Vcc 

24 

28 

1 

P0.0-P0.2 

8-6 

9-7 

I/O 

N/A 

7 

3 

1 

3 

9 

1  / 
/ 

r 

PI  .0-PI  .7 

13-20 

15-20. 
23. 24 

I/O  F 
t( 
tt 
E 
ri 

fr 

18 

20. 

1  IF 

19 

23 

1  IF 

20 

24 

1  T 

P3.0-P3.7 

*-*  CM 

•‘■>13 

4-1.  6. 
27-25 

I/O  P 
to 
th 
C 

P( 

RST 

l1 

1  R< 

Ar 
Vc 
th 

pn 

XI 

XI 

13 

1  Cr 

XI 
prc 

X2 

10 

12 

0  Cr 

NAME  AND  FUNCTION 


Circuit  Ground  Potential 

Supply  voltage  during  normal,  idle,  and  power-down  operation. 

Port  0:  Port  0  is  a  3-bit  open-drain,  bidirectional  port.  Port  0  pins  that  have  is  written  to  them  float, 
and  in  that  state  can  be  u^  as  high-impeoance  inputs.  These  pins  are  driven  low  if  the  port 
register  bit  is  written  with  a  0.  The  state  of  the  pin  can  always  be  read  from  the  port  register  by  the 
program. 

PO.O  and  PO.I  are  open  drain  bidirectional  I/O  pins  with  the  electrical  characteristics  listed  in  the 
tables  thatfollow.  While  these  differ  from  "standard  TTL"  characteristics,  they  are  dose  enough  tor 


Crystal  2:  Outout  from  the  inverting  oscillator  amolifier. 
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Philips  Semiconductors  MiCTOconiroiler  Products 


Product  specification 


CMOS  single-chip  8-bit  microcontrollers 


OSCILLATOR 

CHARACTERISTICS 

XI  and  X2  are  the  input  and  output 
respectively,  of  an  inverting  amplifier  wnich 
can  be  configured  for  use  as  an  on-chip 
oscillator. 

To  drive  the  device  from  ah  external  clock 
source,  XI  should  be  driven  while  X2  is  left 
unconnected.  There  are  no  requirements  on 
the  duty  cycle  of  the  external  dock  signal, 
because  the  input  to  the  internal  dock 
drcuitry  is  through  a  divide-by-two  flio-floo. 
However,  minimum  and  maxmum  nigh  and 
low  times  soecified  in  the  oata  sheet  must  be 
observed. 

RESET 

A  reset  is  accomplished  by  holding  the  BST 
pin  high  for  at  least  two  machine  cydes  (24 
oscillator  penods],  while  the  osdilator  is 
running.  To  insure  a  good  power-up  reset,  the 
RST  pin  must  be  high  long  enou^  to  allow 
the  osdilator  time  to  start  uo  (normalfya  few 
milliseconds)  plus  two  machine  cydes.  At 
power-up.  the  voltage  on  Vcc  and  RST  must 
come  up  at  the  same  time  for  a  proper 
start-up. 

IDLE  MODE 

In  idle  mode,  the  CPU  puts  itself  to  sleep 
while  all  of  the  on-chip  penpnerals  stay 
active.  The  instruction  to  invoke  the  idle 
mode  is  the  last  instruction  executed  in  the 
normal  operating  mode  before  the  idle  rnode 
is  activated.  The  CPU  contents,  the  on-chip 
RAM.  and  all  of  the  spedal  function  registers 
remain  intact  during  this  mode.  The  idle 
mode  can  be  terminated  either  oy  any 
enabled  interrupt  (at  which  time  the  process 
is  picked  UP  at  me  interrupt  service  routine 
and  continued),  or  by  a  harnware  reset  which 
starts  the  processor  in  the  same  manner  as  a 
cower-on  reset. 


POWER-DOWN  MODE 

In  the  power-down  mode,  the  osdilator  Is 
stopped  arrd  the  instruction  to  invoke 
power-down  is  the  last  instruction  executed. 
Only  the  contents  of  the  on-chip  RAM  are 
preserved.  A  hardware  reset  is  the  only  way 
to  terminate  the  power-down  mode,  the 
conbol  bits  for  the  reduced  powermodes  are 
in  the  special  function  register  PCON. 

Table  T.  External  Pin  Status 


During  Idle  and 
Power-Down  Modes 


MODE 

Porto 

Porti 

Port  2 

Idle 

Power-down 

Bata 

Data 

Data 

Data 

Data 

Data 

DIFFERENCES  BETWEEN  THE 
8XC750  AND  THE  BOCSt 

Program  Memory 

On  the  8XC7S0.  program  mertiory  is  1024 
bytes  long  and  is  not  externally  expandable, 
so  the  80C51  instructions  MOVX.  LUMP,  and 
LCALL  are  not  implemented.  The  only  fixed 
locations  in  program  memory  are  the 
addresses  at  which  execubon  is  taken  up  in 
response  to  reset  and  interrupts,  which  are 
as  follows: 

Program  Memory 


Event  Address 

Reset  000 

External  IN(0  003 

Counler/timer  0  COB 

External  IRTT  013 


83C750/87C750 


Counter/Timer  Subsystem 

The  87C750  has  one  counter/timer  called 
timer/coumer  0.  Its  operation  is  similar  to 
mode  2  operation  on  the  80C5 1 .  but  is 
extended  to  16  bits  with  16  bits  of  autoload. 
The  controls  for  this  counter  are  centralized 
in  a  single  register  called  TCON. 

Interrupt  Subsystem  -  Fixed 
Priority 

The  IP  register  and  the  2-levei  interrupt 
system  of  the  80C51  are  eliminated. 
Simultaneous  interrupt  conditions  are 
resolved  by  a  single-level,  fixed  priority  as 
follows: 

Highest  pnority:  Pin  INTO 

Counier/timer  flag  0 
PinifJTT 

Special  Function  Register 
Addresses 

Speciat  function  registers  for  the  8XC750  are 
identical  to  those  of  the  60C51 ,  except  for  the 
changes  listed  below: 

80C51  special  function  registers  not  present 
in  the  8XC750  are  TMOD  (89),  P2  (AO)  and 
IP  (B8).  The  80CS1  registers  TH1  and  TL1 
are  replaced  with  the  87C750  registers  RTH 
and  RTL  respectively  (refer  to  Table  2). 
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Table  2.  87C750  Special  Function  Registers 


SYMBOL 

DESCRIPTION 

DIRECT 

ADDRESS 

BIT  ADDRESS,  SYMBOL.  OR  ALTERNATIVE  PORT  FUNCTION 

MSB’ . .  ....  LSB 

RESET 
.  VALUE 

r 

ACC- 

Accumulator 

EOH 

£6 

E5 

=4 

E3 

E2 

El 

EO 

OOH 

/ 

B-  ' 

3  register 

FOH 

FT 

F6 

r5 

-  FiT 

"  F3 

F2' 

-■  FI 

FO 

OOH 

7 

DPTH: 

Data  pointer 

(2  bytes) 

OPH 

High  byte 

33H 

OOH 

DPL 

Low  byte 

:2H 

OOH 

. 

A= 

AS 

AD 

AC 

AB 

AA 

A9 

A8 

Y 

IE-# 

Interrupt  enable 

ASH 

EA 

I  - 

- 

- 

I  - 

EX1 

1  ETO 

EXO 

OOH 

E2 

81 

80 

S* 

■  P0*~ 

Port  0 

EOH  - 

- 

. 

i  ■- 

- 

I.  - 

- 

1  - 

- 

xxxxxlllB 

H 

95 

£5 

94 

93 

92 

91 

90 

V 

Pf 

Port  1 

;-0H 

Kl 

INtl 

into 

- 

- 

- 

- 

FFH  ■ 

5p 

P3- 

Ports 

BOH 

B7 

B6 

B5 

B3 

B2 

B1 

BO 

FFH 

r* 
•» . 

PCON# 

Power  control 

oTH 

-  - 

- 

- 

- 

PD 

IDL 

xxxxxxOOB 

"■ 

D7 

06 

DS 

04 

D3 

D2 

D1 

DO 

/ 

psvy- 

Program  status  word 

OOH 

CY,,.; 

AC 

-3  I 

RS1  I 

RSO 

OV 

- 

P 

OOH 

s? 

Stack  pointer 

31H 

OTH 

8F 

8E 

SO 

80 

8B 

8A 

89 

88 

TCC.N'# 

Timer/counter  ccntrcl 

ESH 

GATE 

cn 

TF  I 

TR  j 

ISO 

mm 

IE1 

IT1 

OOH 

TL- 

Timer  low  byte 

EAH 

DOH. 

rH= 

Timer  high  byte 

■CH 

■ 

30H 

FTLs 

Timer  low  reload 

S3H 

( 

30H 

FTRi 

Tmer  high  reload 

EDH 

' 

30H 

•  SPris  are  bit  addressable. 

-■  S.^P.s  are  modified  from  or  added  to  the  80C51  SPP.s. 


ABSOLUTE  MAXIMUM  RATINGS’- 2 


PARAMETER 

BATING 

UNIT 

Storage  temperature  range  , 

-65to+150 

mam 

Voltage  from  Vrg  taVss  - 

-0.5  to  +6.5 

Voltage  from  any  pin  to  Vcc -.except  V=s)  -  ■  ... 

.  _r0.5  to  Vec  0-5 

,=ower  dissipation  '■  .  .  ......  — 

-  -  •  1.0 

w 

Voltage  on  Vc=  pin  to  Vss 

O-to+13.0 

^.taximum  per  I/O  pin 

. 10 

mA 

NOTES: 

1 .  St.-esses  above  those  listed  under  Absolute  Maximum  Ratings  may  cause  permanent  damage  to  the  device.  This  is  a  stress  ratine  only  ano 
fjnaional  operation  of  thedevice  at  these  or  any  conditions  other  than  those  described  in  the  AC  and  DC  Electrical  Characteristits  se«ion 
of  this  spealicabon  is  not  imclied.  '  '  •  ■ 

C.  This  product  includes  circuitiy  specifically  designeo  for  the  protection  of  its  internal  devices  from  the  damaging  effects  of  excessive  static 
Charge.  Nonetheless,  it  is  suggested  mat  conventional  precautions  be  taken  to  avoid  applying  greater  than  the  rated maxima. 
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DC  ELECTRICAL  CHARACTERISTICS 

Tan-o  =  0°C  to  +70°C  or  ^0°C  Vgc  =  5V  ±10%.  Vss  =  OV’ 


SYMBOL 

PARAMETER 

2  .TEST 

CONDITIONS 

LI 

MIN 

MITS 

MAX 

UNIT 

V,L 

V|H 

V.H1 

1  Input  low  voltage 

1  Input  high  voltage,  except  XI .  .PST 

1  Inout  high  voltage.  XI.  RST 

-0.5 

0.2Vcc+0.9 

O.TVcc 

0.2Vod-0.1 
,  ^cc+ii-s 
■  -Vcc+O-S 

V 

V 

V 

VCL 

VCLI 

Output  low  voltage,  ports  l  ana  3 

Output  low  voltage,  port  0 

Iql  ”  T.6mA^ 
l0L  =  3^mA2 

.  0.45 

0.45 

V 

V 

VCH 

Output  high  voltage,  pons  1  and  3 

Iqh  = 

'oh  =  ~254A 
lOH  = 

2.4 

0.75Vcc 

0.9VCC 

V 

V 

C  1  Capacitance  "  1 

10 

cr 

■ 

Logical  0  input  current,  pons  1  ana  3 

Logical  1  to  0  transition  current,  pons  1  and  3® 

Input  leakage  current,  port  0 

y,N  =  0.45V 

V,N  =  2V  (0  to  -t-TO-C) 

V.N  =  2V  MO  to  +85°C) 
0.45  <  V|M  <  Vcc 

-50 

-650 

-750 

rlO 

uA 

pA 

pA 

pA 

RpST 

Internal  pull-down  resistor 

25 

175 

kO 

C|0 

Pin  capacitance 

Test  freq  =  1  MHz.  - 
•amo  =  25®C 

10 

PF 

IpD 

Power-down  current* 

Vcc  =  2  to  Vcc  max 

50 

pA 

Vpp 

Vpp  program  voltage  , , 

Vss»0V 

Vcc»5V±10% 

Tame  =  21^to27«C 

12.5 

13.0 

V 

IpD  1 

Program  current  I  Vap  =  13.0V 

Cll 

o 

.  mA 

mami 

Suooiv  current  (see  Figure  2)®-  ®  I 

^  r 

NOTES:  _ 

1 .  Paramelers  are  valid  over  operating  temperature  range  unless  otherwise  ^ecified.  All  voltages  are  with  respect  to  Vgs  unless  otherwise 

rtoted.  '  : 

2.  Under  steady  state '(non-transient)  conortions.  Id.  must  be  extemallv  limited  asJollows: 

Maximum  I^l  per  port  pin:  1 0mA  (NOTE;  This  is  85'C  soec.) 

Maximum  Iql  per  8-bit  port:  26mA 

Maximum  total  for  all  outputs:  67mA 

if  Id.  exceeos  the  test  conoFtion.  Vql  mav  exceed  the  related  spediicaaon.  Pins  are  not  guaranteed  to  sink  current  greater  than  the  listed 
test  conditions. 

3.  Fins  of  ports  1  and  3  source  a  transition  current  when  they  are  being  externally  driven  from  1  to  0.  The  transition  currerit  reaches  its 
maximum  value  wnen  V|n  is  aoproxrmatety  2V, 

4.  Power-down  Ice '5  measureo  with  all  ouBJut  pins  disconnected:  port  0  =  Vcc:  X2.  X1  n.c.:  RST  =  Vss.  :■. 

5.  Active  Ice 'S  measured  with  all  output  ptns  disconneaed:  XI  driven  witn  tetCH^  tCHO.  =  5ns.  V,-.^  =  Vss  -►  0.5V.  V|n  =tVcc  -  0.5V;X2‘n.c.: 
.FST  =  pen  0  =  Vcc- Ice  will  be  slightly  higher  if  a  crystal  oscillator  is  used. 

6.  Idle  Icc  is  measured  with  all  output  pins  disconnected;  XI  driven  with  tcucH-  ICHCi.  =  5ns.  V|i_  =  Vss  +  0.5V.  Vr^  =  Vet- O.SV;  X2  n:c.: 
port  0  =  Vcc;  P'ST  =  Vss- 


AC  ELECTRICAL  CHARACTERISTICS 

T,^3  =  0°C  to  •r-~0''C  or  ^0°C  io  *B5°C.  Vcc  =  5V  ±1C’;».  Vss  =  ~ 


SYMBOL 

PARAMETER 

-  VARIABLE  CLOCK 

MIN 

MAX 

MAX 

UNIT 

T-tcLCL 

Osallator  freduency;  - 

3.5 

16 

3.S  ... 

External  Clock  (Frgurel)  ,  .  ....  .  _  ,  | 

tCHCX 

High  time 

20 

10 

ns 

ICLCX 

Low  time  .  . 

20 

10 

■ 

ns  . 

•CLCH 

Rise  time 

zo 

20 

ns 

•CHCL 

Fall  time 

_ J 

20 

20 

ns  1 

NOTES: 


f .  Parameters  are  valid  over  operating  temperature  range  unless  otherwise  specified.  All  voltages  are  with  respect  to  Vss  unless  otherwise 
noted. 

2.  Load  capacitance  tor  pons  =  60pF. 
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explanation  -  Logic  .eve.  Wgn 

In  defining  the  dock  waveform,  care  roust  be  .  . 

taken  not  lo  exceed  tbe  MIN  or  MAX  lirrots  of 
the  AC  electrical  ctiaracterisJics  table,  ^cn 
timing  symbol  has  five  chatactere.  The  fret 
character  is  always  T  (=  time).  The  otne 

characters,  depenoing  on  their  positions. 

indicate  the  name  of  a  signai  or  fhe  logical 
status  of  mat  signal.  The  designations  are: 

C  -  Clock 


L  -  Logic  level  low 

Q  -  Output  data 
T  -  Time  ■  - 
V  -  Valid 

X  -  No  longer  a  valid  togic  level 
Z  -  Float 
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87C750  PROGRAMMING 
CONSIDERATIONS 

EPROM  Characteristics 

The  87C7S0  is  programmed  Oy  using  a 
modified  Quick-Pulse  Programming  algorittim 
similar  to  tfial  used  for  devices  such  as  the 
87C451  and  87C51 .  It  differs  from  these 
devices  in  that  a  serial  data  stream  is  used  to 
place  the  87C750  in  the  programming  mode. 

Figure  3  shows  a  block  diagram  of  the 
programming  configuration  for  the  87C750. 
Port  pin  P0.2  is  used  as  the  programming 
voltage  supply  input  {Vpo  signal).  Port  pin 
P0.1  is  used  as  the  program  (PGM/)  signal. 
This  Din  is  used  for  the  25  programming 
pulses. 

Port  S  is  used  as  the  address  inout  for  the 
byte  to  be  programmed  and  accepts  both  the 
high  and  low  components  of  the  eleven  bit 
address.  Multiple)(ing  of  these  address 
components  is  performed  using  the  ASEL 
input  The  user  should  drive  the  ASEL  input 
high  and  then  drive  port  3  with  thefiigh  order 
aits  of  the  address.  ASEL  should  remain  high 
for  at  least  1 3  dock  cydes.  ASEL  may  then 
be  driven  low  which  latches  the  high  order 
bits  ot  the  address  internally,  the  high 
address  should  remain  on  port  3  tor  at  least 
bvo  dock  cydes  after  ASEL  is  driven  low. 

Port  3  may  then.be  driven  with  the  low  byte  of 
the  address.  The  fow  address  will  be 
internally  stable  13  clock  cydes  later.  The 
aodress  will  remain  stable  provided  that  the 
low  oyte  placed  on  port  3  is  held  stable  and 
ASEL  is  Kent  low.  Note:  ASEL  needs  to  be 
pulsed  high  only  to  change  the  high  byte  of 
the  address. 

Port  1  is  used  as  a  bidirectional  data  bus 
ouring  programming  and  verity  operations. 
During  programming  mode,  it  accepts  the 
byte  to  be  programmed.  Ouring  verify  mode, 
it  provides  the  contents  ot  the  EPROM 
location  specified  by  the  address  which  has 
been  supplied  to  Port  3. 

The  XTAL1  pin  is  the  osdllator  input  and 
receives  the  master  system  clock.  This  clock 
should  be  between ’1.2  and  6MHz. 

The  RESET  pin  is  used  to  acceot  the  senal 
data  stream  mat  places  the  87C750  into 
various  programming  modes.  This  pattern 
consists  of  a  lO-bit  code  with  me  LSB  sent 
first.  Each  bit  is  synchronized  to  me  clock 
input.  XI. 

Programming  Operation 

Figures  A  and  S  show  me  timing  diagrams  tor 
me  progranwerify  cy'cie.  RESET  should 


initially  be  held  high  for  at  least  two  machine 
cydes.  PO.l  (PGM/)  and  P0.2  (Vpp)  wiU  be  at 
Vqk  as  a  result  ot  the  RESET  operation.  At 
this  point  mese  pins  function  as 
quasi-Oidirectiohal  I/O  pons  and  the 
programming  equipment  may  pull  these  lines 
low.  However,  prior  to  sending  the  1 0-Pit  code 
on  the  RESET  pin.  the  programming 
equipment  should  drive  mese  pins  high  (Vih). 
The  RESET  pin  may  now  be  used  as  me 
serial  data  input  tor  me  data  stream  which 
places  me  87C750  in  me  programming 
mode.  Data  bits  are  sampled  during  me  dock 
high  time  and  mus  should  only  change  during 
me  time  that  the  clock  is  low.  Following 
transmission  of  me  last  data  bit  the  RESET 
pin  should  be  held  low. 

Next  me  address  information  for  me  location 
to  be  programmed  is  placed  on  port  3  and 
ASEL  is  used  to  perform  me  address 
multiplexihg.  as  previously  descnped.  At  this 
time,  port  t  functions  as  an  output. 

A  high  voltage  Vpp  level  is  men  applied  to  the 
Vpp  input  (PQ.2).  (This  sets  Port  t  as  an  input 
port).  The  data  to  be  programmed  into  the 
EPROM  array  is  then  placed  on  Port  1 .  This 
is  toltowed  by  a  series  of  programming  pulses 
applied  to  me  PGM/  pin  (PO.l).  These  Dulses 
are  created  by  driving  PO.t  low  and  men 
high.  This  pulse  is  repealed  until  a  toial  of  25 
programming  pulses  have  occurred.  At  the 
conduston  ot  me  last  pulse,  the  PGM/  signal 
should  remain  nigh. 

The  Vpp  signal  may  now  be  driven  to  me 
V^iH  level,  placing  me  87C7S0  in  the  venfy 
mode.  (Port  f  is  now  used  as  an  outoul  port). 
After  four  machine  cycles  (48  clock  periods), 
the  contents  of  me  addressed  location  in  the 
EPROM  array  wSl  appear  on  Port  f . 

The  next  programming  cycle  may  now  be 
initiateo  by  placing  me  address  information  at 
the  inputs  ot  me  multiplexed  buffers,  driving 
Ihe  Vpp  pm  to  me  Vpp  volage  level, 
providing  me  byte  to  be  otogrammco  to  Pont 
and  issuing  me  26  programming  pulses  on 
the  PGM/  pin.  bnngmg  Vpp  back  down  to  me 
Vc  level  and  verifying  me  oyte. 

Progranttning  Modes 

The  87C750  has  tour  programming  features 

incorporated  wimih  its  EPROM  array,  ihese 

include  me  USER  EPROM  for  storage  of  me 

applicafion’s  code:  a  16-byte  ertcryption  key 

array  ana  two  security  bits.  Programming  and 
venficafion  of  mese  lour  elements  are 
selected  by  a  combination  o1  me  senal  data 
stream  aoplied  to  the  RESET  pin  and  the 
voltage  levels aoplieo  port  pirts  PO.l  and 


P0.2.  The  various  combinaliohs  are  shown  in 
Table  3. 

Encryption  Key  Table 

The  87C750  includes  a  16-byte  EPROM 
array  mat  is  programmable  by  the  end  user. 
The  contents  of  this  array  can  then  be  used 
to  encrypt  the  program  memory  contents 
during  a  program  memory  verify  operation. 
When  a  program  memory  verify  operation  is 
performed,  the  contents  of  the  program 
memory  location  is  XNOR'ed  with  one  of  the 
bytes  m  the  1 6-byte  encryption  table.  The 
resulting  data  pattern  is  then  provided  to  port 
1  as  the  verify  data.  The  encryption 
mechanism  can  be  disable,  in  essence,  by 
leaving  the  bytes  in  the  encryption  tame  in 
meir  erased  state  (EFH)  since  me  XNOR 
product  of  a  bit  with  a  logical  one  will  result  in 
the  original  bit  The  encryption  bytes  are 
mapped  with  the  code  memory  in  i6-byte 
groups,  me  first  byte  in  code  memory  will  be 
encrypted  wim  the  first  byte  in  the  encryption 
table;  the  second  byte  in  code  memory  will  be 
encrypted  wim  Ihe  second  byte  in  the 
encryption  table  and  so  forth  op  to  and 
indudingthe  16the  byte.  The  encryption 
repeats  in  l6-byte  groups;  the  17th  byte  in 
the  code  memory  wiH  be  encrypted  with  the 
first  byte  in  me  errcryption  table,  and  so  forth. 

Security  Bits 

Two  security  bits,  security  bit  1  and  security 
bit  2..are  provided  to  limit  access  to  the 
USER  EPROM  and  encryption  key  arrays. 
Securfty  bit  1  is  the  program  inhibit  bit.  and 
once  programmeO  performs  me  following 
functions; 

1 .  Additional  programming  of  the  USSR 
EPTIOM  is  inhipited; 

2.  Additional  programming  ot  the  encryption 
key  is  inhibited. 

3.  Verification  of  me  encryption  key  is 
inhibited.  ' 

4.  Verification  of  the  USER  EPROM  and  the 
security  bit  levels  may  still  be  performed. 

(If  the  encryption  key  array  is  being  used,  mis 
security  bit  should  be  programmed  by  the 
user  to  prevent  urrauthonzed  parties  from 
reprogramming  the  encryption  key  to  ail 
logical  zero  bits.  Such  programming  would 
provide  data  during  a  verify  cycfe  that  is  me 
logical  complement  of  me  USER  EPROM 
contents). 

Security  bit  2.  the  verify  inhibit  bit.  prevents 
verification  of  bom  me  USSR  EPROM  array 
and  the  encryption  key  arrays.  The  secunty 
bit  levels  may  still  be  verified. 
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Programming  and  Verifying 
Security  Bits 

Secunty  bits  are  programmed  employing  the 
same  tecnmoues  used  to  program  the  USER 
EPROM  and  KEY  arrays  using  serial  data 
streams  ana  logic  levels  on  port  pins 
indicated  in  Table  3.  When  programming 
either  security  bit.  it  is  not  necessary  to  . 
provide  address  or  data  information  to  the 
S7C750  on  ports  1  and  3. 

Verification  occurs  in  a  similar  manner  using 
the  RESET  serial  stream  shown  in  Table  3. 
Port  3  is  not  reouired  to  be  Driven  and  tne 
results  of  trie  yerify  operation  will  appear  on 
ports  1.6  ana  1.7. 


Ports  1 .7  contains  the  security  bit  1  data  and 
is  a  logical  one  if  programmed  and  a  logical 
zero  if  erased..  Likewise.  Pi. 6  contains  the 
security  bit  2  data  and  is  a  logical  one  if 
programmed  ano  a  logical  zero  if  erased. 

Erasure  Characteristics 
Erasure  of  the  EPROM  r  •  ::ns  to  occur  when 
me  chip  is  exposed  to  ligni  with  wavelengths 
shorter  than  approximately  4,000  angstroms. 
Since  sunlight  and  fluorescent  lighting  have 
wavelengths  in  this  range,  exposure  to  these 
light  sources  over  an  extended  time  fabout  1 
week  in  sunlight,  or  3  years  in  room  level 
fluorescent  lighting)  couid  cause  inadvertent 


erasure.  For  this  and  secondary  effects,  it 
is  recommended  that  an  opaque  label  be 
placed  over  the  window.  For  elevated 
temperature  or  environments  where  solvents 
are  being  used,  apply  Kapton  tape  Flouriess 
part  number  2345-5  or  equivalent. 

The  recommended  erasure  proceoure  is 
exposure  to  ultraviolet  light  (at  2537 
angstroms)  to  an  integrated  dose  of  at  least 
1  SW-s/cm^.  Exposing  me  EPROM  to  an 
ultraviolet  lamp  of  1 2.000)1 W/cm^  rating  for 
20  to  39  minutes,  at  a  distance  of  about 
t  inch,  should  be  sufficient 

Erasure  leaves  me  array  in  an  ail  Is  state. 


Table  3.  Implementing  ProgranWerify  Modes 


OPERATION 

SERIAL  CODE 

P0.1  (PGM/) 

P0.2(Vpp) 

Program  user  EPROM 

296H 

Vpp 

Verify  user  EPROM 

296H 

V|H 

.V,H 

Program  key  EPROM 

232H 

Vpp 

Verify  key  EPROM 

292H 

V|H 

V,H 

Program  security  bit  1 

29AH 

Vpp 

Program  security  bit  2  •  .  . 

298H 

- 

Vpp 

Verify  security  bits 

29AH 

V,H 

VlH 

NOTE: 


t .  Pulseo  from  V.u  to  Vn_  and  returned  to  Vih. 


EPROM  PROGRAMMING  AND  VERIFICATION 

r,„e  =  Z1‘C  t0^rC:-Vcc=  5V±10°/..  Vss  =  OV.:' 


SYMBOL 

1  PARAMETER 

MIN 

MAX 

....UNIT 

■Tclc. 

Oscillatorrclock  freoueocy. 

12' 

o  .... 

.  MHz 

.Address  setup  to  P0.1  (PROG-)  low 

lOuS  2AtcLCL 

Aodress  hold  after  P0.1  (PROG-)  high 

AStcccL  - 

IPVGL 

Data  setup  to  PO.l  (PROG-)  low 

iiSiCLCL 

tpVGL 

Data  setup. to  PO.l  (PHOG-)  low 

SStCLCL 

Ighdx 

Data  hold  after  PO.t  (PROG-)  high 

SStCLCL 

- 

‘SHGL 

Vdp  setup  to  PO.l  (PROG-)  low 

10 

FS 

tSHSL 

VoD  hold  alter  P0.1  (PROG-) 

10, 

FS 

vLGH 

PC.I  (PHOG-)  width 

90 

110 

US 

UVQV' 

Vp3  low  (Vcc)  to  data  valid 

■’Stctct 

Ighgl . 

PO.t  (PROG-)  high  to  P0.1  (PROG-)  low 

10 

FS  I 

<svnl 

PO.O  (sync  pulse)  low 

•*tCLCt  . 

tSYNH 

PO.O  (sync  pulse)  high 

StcLCL 

'masel 

ASEL  high  time 

IoIclcl 

It.lAU.C 

Address  hold  time 

2tCLCt  _  .  .  .  ,  _ 

Address  setup  to  ASEL 

'SlcLCL  - 

;  UOSTA 

Low  address  to  valid  data 

.  48ta.CL 

NOTES: 


• .  Address  should  be  valid  at  least  24tci.ct  before  ihe  nsino  edge  of  P0.2  (Vpp). 

2.  For  a  cure  verity  mode.  i.e..  no  program  mode  in  between.  IavOv  'S  141(;lci.  maximum. 
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Product  specification 


CMOS  single-chip  8-bit  microcontroiiers 


83C750/87C750 


>0-A9- 
AOORESS  STROBE  - 


programming  . 

PULSES 

VopvViH  VOLTAGE  ' 
SOURCE 


RESET 

CONTROL 

.OdC 


»  P2.0-P3.7 

vcc 

►  PO.O^ASEL, 

Vss  ' 

^,1 

1 

03,2 

P1.0-P1.7  < 

1 

■}  XTAL1 

RESET 

Figure  3.  Programming  Configuration 


MrN  2  MACHINE 
I  ^  CYCLES  ^  t  ^ 


.  TEN  BIT  SERIAL  CODE  - 


RESET 


r 


1  erro  | 

1  Bm  1 

1  erra  | 

1  BITS  1 

1  STA  1 

1  BT5  1 

1  errs  | 

1  j 

1  errs  | 

1  BO'S  1 

PO^  UNOEPINEO 


P0.1  UNOERNEO  I 


Figure  4.  Entry  into  Program/Verify  Modes 


£ 


j  PC2(Vpp)  iv 

i 


•  Po^ 


?0  0(AS£L) 


‘hasetT 


I 


I  > 

*{  p“  *SHGL 


H"r  V3HSL 


Z5  PULSES 


■  *MASEL 


_ TLJL'; 

L, _ ^  L- 

•GLGHi*  ^  I  >GH6L 

SSuSlMIN  ICusMN 


"  'HAHLO 


^  HIGH  ADDRESS  ^ 

LOW  ADDRESS 

-  U-J 

r  1  !  .'.I  . 

rn 

tAOSTA 

1*"*]  'DVGL  'GHDXr  T*" 

WQV  •] 

[imQSESssiii^ 

VALID  DATA 

1  '  1  .  1 

r-* - VERIFY  >/OOE  - - - - PROGRAM  MODE  - H* - -  VERIFY  MODE - H 

Figure  S.  ProgratiWerify  Cycle 
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philips  Semiconductors  80C51 -Based  8-Bit  Microcontrollers 


80C5t  Family 


80C51  family  programmer’s  guide 
and  instruction  set 


80C51  FAMILY  INSTRUCTION  SET 


Table?.  80C51  Instruction  Set  Summary - 


Interrupt  Response  Time:  Refer  to  Hardware  Description  Chapter. 
Instructiorts  that  Affect  Rag  Settings<’l 


Instruction 

Flag 

Inshxiction 

C 

OV  AC 

C 

ADD 

X 

X  X 

CLRC 

0 

ADDC 

X 

X  X 

’LC 

X 

SUBB 

X 

X  X 

,L  C.bit 

X 

MUL 

0 

X 

ANL  CTbit 

X 

DIV 

0 

X 

ANL  C.bit 

X 

DA 

X 

ORL  Cybit 

X 

RRC 

X 

MOV  C,bit 

X 

RLC 

X 

CJNE 

X 

SETBC 

1 

j  PlNote  that  operations  on  SFR  byte  address  208  or  bit  addresses  209-215  (i.e.,  the  PSW  or  bits  in  the  PSW)  will  also  affect  flag  settings. 

Notes  on  instruction  set  and  addressing  inodes: 

Rn  Register  R7-R0  of  the  currently  selected  Register  Bank. 

direct  8-bit  inlemal  data  location’s  address.  This  could  be  an  Internal  Data  RAM  location  (0-127)  or  a  SFR  (i.e.,  I/O  port, 
control  register,  status  register,  etc.  (128-255)).  .  .  ..  . 


®  Ri 
rdata 
itdata  16 
addr 16 


8-bit  internal  data  RAM  location  (0-255)  addressed  indirectly  through  register  R1  or  RO. 

8-bit  constant  included  in  the  instoiction. 

1 6-bit  constant  included  in  the  instruaion 

1 6-bit  destination  address.  Used  by  LCALL  and  LJMP.  A  branch  can  be  anywhere  within  the  64k-byte  Program 
Memory  address  space. 

*1  -bit  destination  address.  Used  by  ACALL  and  AJMP.  The  branch  will  be  within  the  same  2k-byie  page  of 
program  memory  as  the  first  byte  of  the  following  insmicfion. 

Signed  (two's  complement)  8-bit  offset  byte.  Used  by  SJMPand  all  conditional  jumps.  Range  is  -128  to  ■►127 
bytes  relative  to  first  byte  of  the  following  instntction. 

Direct  Addressed  bit  in  Internal  Data  RAM  or  Special  Function  Register. 


UONIC  DESCRIPTION  BYTE 

PERIOD 


80C51  Family 


80C51  family  programmer’s  guide 
and  instruction  set 


MNEMONIC 


arithmetic  operations  (Continuefl) 
INC 
INC 

DEC  A 

DEC 

dec  O'fsct 

DEC  SRi 

INC  DPTR 

MUL  AB 

DIV  AB 

DA  A 

logical  operations 
ANL  A.Rn 

ANL  a, direct 

ANL  A.SRi 

ANL  A.jfdata 

ANU  direct.A 

ANL  cirectudata 

ORL  A.Rn 

ORL  A.direct 

OHL  A.©Bi 

ORL  A.sdata 

ORL  directA 

ORL  direct.edata 

XRL  A.Rn 

XBL  A.direct 

XRL  A.@Ri 

XRL  A.idata 

XRL  direct.A 

XRL  direct.sdata 

CLR  A 

CPL  A 

RL  A 

RLC’  A 

RR  A 

RRC  A 

SWAP  A 

DATA  TRANSFER 
MOV  A.Rn 

MOV  A.direct 

MOV  A.eRi _ 


Increment  direct  byte 
Increment  indirect  RAM 
Decrement  Accumulator 
Decrement  Register 
Decrement  direct  byte 
Decrement  indirect  RAM 
Increment  Data  Pointer 
Multiply  A  and  B  •  r; 

Divide  A  by  B 

Decimal  Adjust  Accumulator 

AND  Register  to  Accumulator 
and  direct  byte  to  Accumulator 
AND  incSrect  RAM  to  Accumulator 
AND  immediate  data  to  Accumulator 
AND  Accumulator  to  direct  byte 
AND  immediate  data  to  direct  byte 
OR  register  to  Accumulator 
OR  direa  byte  to  Accumulator 
OR  indirect  RAM  to  Accumulator 
OR  immediate  data  to  Accumulator 
OR  Accumulator  to  direct  byte 
OR-immecuate  data  to  direct  byte 
=xdusive-OR  register  to  Accumulator 
=xciusive-0  R  direct  byte  to  Accumulator 
=xclusive-OR  indirect  RAM  to  Accumulator 
Exclusive-OR  immediate  data  to  Accumulate.' 
=xclusive-OB  Accumulator  to  direct  byte 
=xclusive-OB  immediate  data  to  direct  byte 
Clear  Accumulator 
Complement  Accumulator 
Rotate  Accumulator  left 
Rotate  Accumulator  ten  through  the  cany 
Rotate  Accumulator  right 
•Rotate  Accumulator  right  through  the  carry 
Swap  nibPles  within  the  Accumulator 

Move  register  to  Accumulator 
Move  direct  byte  to  Accumulator 
Move  indirect  RAM  to  Accumulator 


2 

1 

1 

1 

2 

1 

1 

1 

1 

1 


12 

12 

12 

12 


12 

12 

24 

48 

48 

12 


1 

2 

1 

2 

2 

3 

1 

2 

1 

2 

2 

-3 

1 

2 

1 

2 

2 

3 

.1 

1 

■1 

.1 

.1 

1 

1 


12 

12 

12 

12 

12 

24 

12 

12 

12 

12 

12 

24 

12 

12- 

12. 

12 

.12 

24 

12 

12 

12 

12 

12 

12 

12 
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Philips  Semiconductors  SOCSI-Based  8-Bit  Microcontrollers 


80C51  Family 


Table  7.  80C51  Instruction  Set  Summary  (Continued) 


80C51  family  programmer’s  guide 
and  instruction  set 


MNEMONIC 

DESCRIPTION 

BYTE 

OSCILLATOR 

PERIOD 

DATA  TRANSFER  (Continued) 

'  '  ■  - . 

MOV 

A,#data 

Move  immediate  data  to  Accumulator 

2 

12  . 

MOV 

Rn.A 

Move  Accumulator  to  register 

1 

12 

MOV 

Rn, direct 

Move  direct  byte  to  register 

2 

24 

MOV 

RN.ttdata 

Move  immediate  data  to  register 

‘  2 

12 

MOV 

direct.A 

Move  Accumulator  to  direct  byte 

2 

12 

MOV 

direcLRn  ■ 

Move  register  to  direa  byte 

2 

24 

MOV 

directdirect 

Move  direct  byte  to  direct 

3 

24 

MOV 

direct,  @Ri 

Move  indirect  RAM  to  direct  byte 

2 

24 

MOV 

direct.Sdata 

Move  immediate  data  to  direct  byte 

3 

24 

MOV 

SRi.A 

Move  Accumulator  to  indirect  RAM 

1 

12 

MOV 

©Ri.direcf 

Move  direct  byte  to  indirect  RAM 

2 

24 

MOV 

@Ri.#data 

Move  immediate  data  to  indirect  RAM 

2 

12 

MOV 

DPTR,#datal6 

Load  Data  Pointer  vnth  a  16-bit  constant 

3 

24 

MOVC 

A,®A+DPTR 

Move  Code  byte  relative  to  DPTR  to  Acc 

1 

24 

MOVC 

A.®A+PC 

Move  Code  byte  relative  to  PC  to  A.~c 

1 

24 

MOVX 

A,®Ri 

Move  eidemal  RAM  (8-bit  addr)  to  Acc 

1 

24 

MOVX 

A.eOPTR 

Move  external  RAM  (IS-bit  addr)  to  Acc 

1 

24 

MOVX 

A.@Ri.A 

Move  Acc  to  external  RAM  (8-bit  addr) 

1 

24  ■  ' 

MOVX 

©DPTR.A 

Move  Acc  to  external  RAM  (16-bit  addr) 

1 

24  ■ 

PUSH 

direct 

Push  direct  byte  onto  stack 

2 

24 

POP 

direct 

Pop  direct  byte  from  stack 

2 

24 

XCH 

A.Rn 

Exchange  register  with  Accumulator 

1 

12 

XCH 

A.  direct 

Exchange  direct  byte  vrith  Accumulator 

2 

12 

XCH 

A.ORi 

Exchange  indirect  RAM  with  Accumulator 

'  1 

12 

XCHD 

A.©Ri 

Exchange  low-order  digit  indirect  RAM  with  Aqc 

1 

'  12 

BOOLEAN  VARIABLE  MANIPULATION 

CLR 

C 

Clear  carry 

1 

12 

CLR 

bit 

Clear  direct  bit 

2 

12 

SETS 

C 

Set  carry 

1 

12 

SETS 

bit 

Set  direct  bit 

2 

12 

CPL 

C 

Complement  carry 

1 

12 

CPU 

bit 

Complement  direct  bit 

2 

12 

ANL 

C.bit 

AND  direct  bit  to  carry 

2 

24 

ANL 

C./bit 

AND  complement  of  direct  bit  to  cany 

2 

24 

OnU 

C.bit 

OR  direct  bit  to  carry 

2 

24 

ORL 

C./bit 

OR  complement  ot  direct  bit  to  cany 

2 

24 

MOV 

C.bit 

Move  direct  bit  to  carry 

2 

12 

MOV 

bit.C 

Move  carry  to  direct  bit 

2 

24 

JC 

rel 

Jump  if  cany  is  set 

2 

24 

JNC 

rel 

Jump  if  carry  not  set 

2 

24 

All  mnemonics  copyrighted  ©  Intel  Corporation  1980 
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80C51  family  programmer’s  guide 
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•aWe7.  80C51  instruction  Set  Summary  (Continued^ 

■  description 

mnemonic 


BYTE 


OSCILLATOR 
PERIOD 


JS 

ret 

JNB 

rei 

jec 

bit.rei 

program  branching 

ACALL 

addrn 

LCALL 

adcirie 

;  RET 

‘  RETl 

i  AJMP 

addrll 

UMP 

addrl6 

SJMP 

rel 

JMP 

@A+DPTR 

JZ 

rel 

JNZ 

rel 

CJNE 

A.dirscLrel 

CJNE 

A,#daia.ret 

CJNE 

BN.trdata.rel 

CJNE 

©Ri.Sdata.r6l 

DJNZ 

Rr>.rel 

OJNZ 

direct.rel 

NOP 

(Continueo; 

2 

24 

Jump  if  direct  bit  is  set 

2 

24 

Jump  if  direct  bit  is  not  set 

3 

24 

Jump  if  direct  bit  is  set  and  clear  bit 

2 

24 

Absolute  subroutine  call 

3 

24 

Long  subroutine  call 

1 

24 

Return  from  subroutine 

■j 

24 

Return  from  interrupt 

2 

24 

Absolute  jump 

3 

24 

Long  jump 

2 

24 

Short  jump  (relative  addr) 

■1 

24 

Jump  indirect  relative  to  the  DPTR 

1 

2 

•24 

Jump  if  Accumulator  IS  zero 

2 

.24 

Jump  if  Accumulator  is  not  zero 

24 

Compare  direct  byte  to  Acc  and  jump  if  not  equal 

3 

24 

Compare  immediate  to  Acc 

3 

24 

Compare  immediate  to  register  and  jump  H  not 

3 

equal 

24 

Compare  immediate  to  indirect  and  jump  if  not 

O 

equal 

24 

Decrement  register  and  jump  if  not  zero 

4 

24 

Decrement  direct  byte  and  jump  if  not  zero 

No  operation 

- - - — All 

3 

1 

mnemonics 
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waasana 

All  informanoo  in  mis  daia  sh^  is  pretiminary 
ana  suojecrto  cnange.  ' 

Precision,  Quad,  SPOT,  CMOS  Analog  Switch 


..  ,  _ Generat  Description 

^MX333A  is  a  predsm  qtacl  sngle-poie  douCie-m^ 
(SPOT]  analog  swrtcft.  TTVefourinaeoenaeriswrtcnescioer- 
aie  wm  tipotar  sunpaes  rangiig  from  ±45V  tot^.  a  with 
a  sinote-ended  supply  betw^n  +10V  ana  +oC3V.  The 
MAX3^  offers  low  on  resisBncs  (Jess  man  3SQX  guaran¬ 
teed  to  maum  wittm  2Q  t»ween  channels  and  10  remain  fiat 
over  me  fufi  analog, signal  range  (43Q  max,),  ft  also  offers 
.preaJc-beforMnake  swncning  (10ns  typical),  wfth  turn-off 
times  less  man  145ns  ana  tum-on  times  less  man  175ns. 

The  lvtAX323A  is  idea)  for  portable  operation  since  ouiescent 
cjnent  runs  less  man  all  inputs  tiign  or  low. 

This  monolithic,  quad  switch  is  fabricated  wife  tvlaxm’s 
new  imaovea  silicon-gaie  process.  Design  imorovements 
cuarantee  extremely  low  charge  injection  (lOpC).  low 
power  consumpton  (35fiW).  and  efectrcsiatic  discharge 
(ESD)  Greater  man  2000V. 

Logic  inouts  are  TTL-  and  CiMOS^ompaiible  and  guaraiv 
:eed  over  a  +0.8V'to  +2.4V  range,  regaraless  of  supply 
voltage.  Logic  inputs  and  switched  analog  signals  can 

range  anywhere  between  me  supply  voltages  withou  dam¬ 
age.  this  upgraded  pan  is  a  replacement  for  a 
DG21 1/DG212  pair  wnen  used  as  a  quad  SPOT  switch,  or 
rwo  DG403  dual  SPOT  switches. 

_ _ _ AppUcatians 

Test  Equipment 
Communications  Systems 
PSX.  PABX 
Heaos-Clp  Displays 
Poitacle  Instruments  .. 

_ Pin  Configuration 


_ _ : _ Featvares 

♦  Upgnded  Reolacmwnt  for  a  OGS11iDG212  Pair 
or  Two  OG4CI3a 

♦  Low  On  Resistance  <  22Q  Typical  (35a  Max) 

♦  Gtiaantaed  Matched  On  Reafelanee  Between 
aanneta<2a 

♦  Guaranteed  Flat  On  Resistanee  over  Pufi  Analog 
Signal  Range  t^3a  Max 

♦  Guaranteed  Charge  injectimx  lOpC 

♦  Guaranteed  Off-Channel  Leaicaga  <6nA  at  435*C 

♦  ESO  Guaranteed  >  2000V  per  Method  301 5.7 

♦  Single-Supply  Operation  (+10V  to  +30V) 

Bipolar-Suppiy  Operation  (±4.SV  to  ±20V) 

♦  TTL-ZCMOS-Logic  Compalibtlify 

4  Rail-to-RaO  Analog  Signal  Handlmg  CaoaPifity 


^Ordering  Information 


PART 

TBUB>.RAMG£ 

Pfft-PACKAGE 

MAX333ACPP 

crcto+Ttrc 

20PlasBcD)P 

>4AX333ACWP 

trciD+70^ 

20  Wide  SO 

MAX3334CO 

o*cio+7(rc 

Pice* 

MAX333AEPP 

-4or:to->as^ 

20f1ast)eOIP 

MAX33aA£WP 

-«n:  to -1-85^ 

20  Wide  SO 

MAX333AMJP 

-SS^tO+TZS’C 

20GE?DtP 

•  OaMaCTJaqaryrcraicespocflfcaBansi 


y)fpicat  Operating  Circuit 


ifr-i 


FLYING  CAPACITOR 

LEVEL  TRANSLATOR 

(2-CHANNEL) 


MAX333A 


software 


In  order  to  write  this  software,  I  used  an  8051  pubfic  domain  assembler  •v^*ich  was  fomd  on 
Internet.  It  can  be  found  at  several  nodes,  including  for  exaiiq)le  at  ■csd4.csd.uwm.edu  in  the 
directory /pub/8051.  Its  author  can  be  reached  at  markh@csd4-csd.uwmedu.  It  seemed  to  us 
one  of  the  best  packages  in  its  category.  The  distribution  includes  a  con^lete  documOTtation 

on  the  use  of  this  assembler,  and  we  had  no  problems  what  so  ever  with  it. 

We  also  purchased  a  Ceibo  DS750  devlopement  system  in  order  to  program,  simulate  md 
emulate  the  87C750.In  order  to  nm  the  camera  at  the  tdescope  we  wrote  a  data  acquisition 
program,  of  course  not  described  here  which  allows  to  take  images,  wdiile  supporting  the 
standard  astronomical  image  standard  FTPS.  We  started  to  develop  this  program  in  1992  under 
DOS,  using  a  home  made  graphical  environmoit  This  is  now  quite  old,  and  a  new  data 
acquisition  program  is  being  currently  written  under  Windows  NT  and  Visual  C-H-.  A  typical 
data  acquidtion  screen  is  seen  above : 


J  i  V 


-:  :5 

•••••■  2«5v>S<'.' 


^  Si® 


Listing  of  the  current  seauencer  code 


CCD  sequencer  program  -  VI . 0 

Alain  Maury  -  Herve  Viot 
December  1994  ->  November  1996 


Version  du  28/04/1996 


This  version  of  the  controller  program  is  asynchronous,  i.e. 
it  is  not  synchronised  using  the  pixel  clock  coining  from  the 
master  board.  It  is  to  be  used  only  in  single  CCD  cameras. 


Always  remember  to  increase  the  table  limit  when  including 
new  functions  in  the  program 


Definition  of  terms 


;;  NYI  ■=  Not  Yet  laqilemented 
; ;  criL'  ■=  Comment  Debug  Lines  ‘  ' 


Definition  of  the  I/O  port  bits 


RECV 

CLOCK 


SYNC 

equ 

■  P0.2 

HI 

equ 

Pl.O 

H2 

equ 

Pl.l 

H3 

equ 

PI.  2 

OSG 

ec^ 

PI. 3 

RG 

equ 

PI.  4 

CLl 

equ 

PI. 5 

CL3 

equ 

PI.  6 

CASC 

equ 

PI.  7 

A1 

equ 

P3.0 

A2 

equ 

P3.1 

A3  ■ 

equ 

P3.2 

ATGU 

equ 

P3.3 

ATGL 

equ 

P3.4 

CL2 

equ 

P3.5 

CL4 

equ 

P3.6 

CONV 

equ 

P3.7 

TRANS 

equ 

P3.6 

; ;  First  clamp,  first  channel 
;;  Second  clcimp,  first  ciiannel 


; ;  Fiber  optic  emitter 


Variables  stored  in  Ram 


; ;  These  are  preloaded  inside  the  functions 

;;  or  by  the  serial  link  at  the  start  of  an  exposure 


seg  data  at  0 


;;  At  reset,  the  stack  is  at  _07__.  In  order  to  avoid  conflicts  between 
;;  the  stack  and  this  memory  table,  it  is  shifted  as  high  as  possible 


C_Ln_l 
C  Ln  2 


Ram  ;;  Current  Line  Number 
Ram  +  1 


C  Cn  1 

eqa 

Ram 

+ 

2 

C  Cn_2 

equ 

Ram 

+ 

3 

C  Er  1 

egu 

Ram 

+ 

4 

C  Er  2  ■ 

equ 

•  Ram 

+ 

5 

C  R  1 

equ 

Ram 

+ 

6 

C  R  2 

equ 

Ram 

+ 

7 

C  DELAY 

equ 

Ram 

+ 

8 

C  Id  1 

equ 

Ram 

+ 

9 

C_Id_2 

equ 

Ram 

+ 

10 

Scan_Counter_ 

3 

equ 

Ram 

+ 

11 

Scan  Counter_ 

"2 

equ 

Ram 

+ 

12 

Scan  Counter 

"l 

equ 

Ram 

+ 

13 

seg  code  at  0 


;;  Current  Column  Number 
; :  Current  Counter  erase 
; ;  Current  Column  Read 

;;  Constant  used  during  vertical  delays 
; ;  Delay  for  vertical  inversion 

;;  Scan  High  level  bit  counter 
;;  Scan  Middle  level  bit  counter 
;;  Scan  Low  level  bit  counter 


.  INITIAL-ISATieN-  ROUT-iNE  •  '  ••  -  ''  . - 

Function  which  load  the  ports' with  their;  initial  values 
{  camera  at  'rest  )  . 

It  waits  also  that  the  data  communication  port  goes  low. 


Data  in  parameters  : 

none 


Data  out  parame't^s  : 

■  ■  ;■■  ■■  hone 

■  Registers' used'  •  '  :  A  ■ 

RO  ; 

R1  : 

R2  : 

R3 
R4  : 

R5  : 

R6  : 

R7  : 


Init : 


MOV  IE,  #0x00  ;;  Interrupts  disabled 

MOV  PO,  #0x07  ;;  Initialise  OUTPUT  port 

PO.O  &  1  as  Input 
;;  P0.2  as  Output  =  1 

MOV  PI,  #011000118  ;;  CLl,  CL3,  HI  and  H2  high. 

MOV  P3,  #100000008  ;;  vertical  lines  at  zero,  conv  active 

low 

; ;  Debug  test  de  la  nouvelle  carte  horloge 

«  t 

;  Debug_Clock: 


SETB 

HI 

;;  HI  High 

ACAIL 

Vt  Tempo 

SETB 

H2 

HI  &  H2  High 

ACALL 

Vt  TeD¥)o 

CLR 

HI 

; ;  H2  High 

ACAIL 

Vt  Tenpo 

CLR 

H2 

;;  everybody  Low 

ACALL 

Vt_Teii5)o 

AJMP 

Debug_Clock 

Initl : 


ACALL 

not  a  command 


Wait_Zero  ; ;  Wait  the  Initialisation  of  the  PC 

This  %iigh  level  is 


;;  MAIN  ROUTINE 

; ;  Function  which  waits  for  a  command  executes  it  when  it  is 

;;  recognised  -  waits  another  when  not  recognised. 

;;  If  A  >  table_length,  AJMP  Start, 

;;  table  length  is  set  in  memory  to  be  9 


f  f 

Data  in 

parameters 

: 

r  r 

.  none 

t  t 

i  * 

Data  out 

parameters 

1 

0% 

■  ‘  *  .  •  ■  ■■  ■ 

-■■-none-  ■ 

f  / 

0  0 

.Registers  used 

■  :  A 

calcul  of . jump 

u 

RO 

0  0 

R1 

.  R2 

safe  of  data  receive 

0  0 

R3 

0  0 

R4 

0  0 

R5 

0  0. 

R6'. 

■-  .  .  ...  ..  .  , 

0  0 

R7 

0  0 

0~0 

Start: 

ACALL 

CLR 

SUBB 

JC 

AJMP 

Calcul_  Jump : 

MOV 

BL 


MOV  DPTR,  #Selection 

JMP  eA+DPTR 

Selection:  ;;  CCD  controller  command  interpreter 

; ;  Selection  table 


AJMP 

Init 

0 

Transmission  error,  return  to  start 

0 

Command  0 

AJMP 

Stare_Up 

0 

Stare  exp.  without  dithered  clocking  AB 

0 

-  Command  1 

AJMP 

Scan 

0 

Scan  the  sky 

0 

Cosanand  2 

AJMP 

Stare_Ab 

0 

Stare  exp.  with  dithered  cloclcing 

0 

Command  3 

AJMP 

Stare_Bin 

0 

Stare  exp.  with  binning  reading  mode 

0 

Command  4 

AJMP 

Temp 

0 

Transmit  some  temperature  measure 

0 

Connnand  5 

AJMP 

Test  Video 

0 

Test  modeo 

;;  Command  6 

;;  Continuous  CCD  readout 


,  Comm  ;  ;  Waiting  for  a  command  from  the  PC 

C  ; ;  Clear ’ Carry 

A,  #0x09  ; ;  Substract  9  to  A 

Calcul_JuiBp  ;;  — >  Carry  set,  correct  selection 

Start  ~  ; ;  Else  wait  a  correct  command 


A,  R2 
A 


; ;  Restore  Comm  value  R2  in  A 
; ;  Each  jump  is  2  op  codes 
; ;  Acc  is  now  loaded  with  a  code  which 
;;  should  be  the  mode  in  which  the 
; ;  camera  is  going  to  be  used 


AJMP 


Test 


AJMP 


Low  Noise 


;  ;  Coramand  7 

; ;  Stare  exp .  with  low  noise  cxonversion 
;  ;  Command  8 

End  Selection  :  ; ;  End  of  the  jump,  end  of  the 


S  t 

;;  STARE  exposure  procedure  using  the  upper  aB?>lifier 


0  0 
0  0 


Data  in  parameters  : 


/  / 
0'0 
0  0 
0  0 
0  0 


Data  out  parameters  : 


none 


:■  -Registers  nsed-  - 


0  0 
0  0 
0  0 


0  0 
0  0 


Stare_Up-:  ' 


Stare_Upl: 


Stare_Up2; 


Stare_Up3: 


Stare_Up4 : 


ACAIL 


ACALL 

JNZ 


ACALL 


ACALL 


AJMP 


A  •Command  data  received 
RO 


R1 

•R2 

R3 

R4 

^R5- 

R6. 

R7 


Erase 


.  ■ ; ;  CCD  erase 


Comm 


Stare_Up4 


;;  'Exposure  Waiting  data  PC  goes  High 
;;  Retour  sur  erreur  integration 
; ;  sans  vidage  de  la  cam,  ra 


Flush 


; ;  Vidage  demiere  colonne 


Readout  Up 


; ;  Lecture  des  pixels 


Tempi 


;;  This  is  the  optimized  end.... 

;;  with  the  ouput  of  the  last  pixel 
;;  and  followed  with  an  init  routine 


LOW_NOISE  exposure  procedure  using  the  upper  amplifier 
Data  in  parameters  : 

none 

Data  out  parameters  : 

none 


Registers  used 


A  :  Command  data  received 
RO  : 


R2 

R3 

R4 

RS 

R6 

R7 


; ;  Erase  of  the  CCD  camera 


;;  Exposure  Waiting  data  PC  goes  High 
•; ;  Retour  sur  erreur  integration 
' ;  sans  yidage  de  la  camra 


;;  Vidage  demiere  colonne 


;;  Lecture  des  pixels  sans  bruit 

;;  This  is  the  optimized  end.... 


SCAN  Function  that  read  a  column  of  pixels  every  66  ms 
This  time  is  programmed  by  the  PC 

Data  in  parameters  : 

none 

Data  out  parameters  : 

none 

Registers  used  :  A  : 

RO  : 

R1  : 

R2  : 

R3  : 

R4  : 

R5  :  . 

R6  : 

R7  : 


I 


Low  Noise: 


Low  noisel: 


ACALL 


ACALL 

JNZ 


Erase 


Comm 

Stare_Up4 


;Low  noiseZ: 


ACALL . Flush 


Low  noises : 


ACALL 

AJMP 


Nreadout_tJ] 

Teiiqpl 


XXX 

R2  State  Value  Data  PC  Action 

PC  =  0  =>  PC  indique  poursuite  du  Scan 

PC  =  1  =>  PC  indigue  poursuite  du  Scan 

R2  =  0  =>  Pas  d' indication  de  data 
Poursuite  du  cycle 

1  0  PC  =  0  =>  PC  indique  poursuite  du  Scan 

1  1  PC  =  1  =>  PC  indique  poursuite  du  Scan 

R2  =  1  =>  Pas  d' indication  de  data 


1 

t 

/  / 

Arret  du  cycle 

■ 

;;  2 

0 

PC  =  0  =>  PC  indique  poursuite  du  Scan 

r 

;;  2 

1 

PC  =  1  =>  PC  indique  poursuite  du  Scan 

R2  =  2  =>  Pas  d' indication  de  data 

L 

/  ! 

Poursuite  du  cycle 

I 

;;  3 

0 

PC  =  0  =>  PC  indique  poursuite  du  Scan 

1 

;;  3 

1 

PC  =  1  =>  PC  indique  poursuite  du  Scan 

1 

R2  =  3  =>  Pas  d' indication  de  data 

1 

f  i 

Poursuite  du  cycle 

L 

;;  4 

0 

PC  =  0  =>  PC  indique  poursuite  du  Scan 

1 

4 

1 

PC  =  1  =>  PC  indique  poursuite  du  Scan 

■ 

PC=0&R2=4=>PC  pas  pres  pour 

1  ' 

r  0 

reception  DATA 

1 

Attente  liberation  PC 

It 

i  0  ' 

PC  = -I  &  RZ  =  4  ■  •=>  PC  ■  pres,  indication  DATA. 

0^  0 

/*/  .*  . 

■  •  ■  -■ 

■  — 

-  . . 

..5, 

0 

PC  =  p  =>  PC  indique  poursuite  du  Scan 

■ 

;;  5 

■  1  ■■  ■ 

PC  =  i  => -PC  indique- arret  du  Scan  ■ . 

B 

R2  =  5  =>  Test  arret  Scan 

■  ■  ■ 

■pc  =  0  £  R2  ='5  =>PC  poursuit  Scan 

1 

0  0 

0  0 

PC  =  1  £  B2  =  5  =>  PC  stop  ie  Scan 

■•  Scan: 

•  ••• 

■■  r- ••  V  ■;  ^ 

.  '  '  se’tb 

trAns" 

;;  indicate' -entrance  in'  Scmi  .mode  •-.•••• 

I. 

.  •  ACALL 

Cojnm 

;  Waiting -.for- Msb  waiting  counter 

I* 

■ :  . .  INC 

"A" 

;';”A+1  'to  siB5>iify'  ten^  equation  '  •  .  .  .  •  • 

1 

MOV 

Scan  Counter  3,  A  ;;  Save  Msb  in  R5' 

B 

ACALL 

Comm  . 

;;  Waiting  for  Middlesb  waiting  counter 

B 

INC 

A  - 

;;  A+1  to  simplify  ten?)o  equation 

MOV 

Scan  Counter  2,  A  ::  Save  Middlesb  in  R4 

1 

ACALL 

Comm 

;;  Waiting  for  Lsb  waiting  coimter 

■ 

INC 

A 

;;  A+1  to  simplify  ten5>o  equation  . 

B 

MOV 

Scan  Counter  1,  A  ;;  Save  Lsb  in  R3 

r 

ACALL 

Erase 

L 

ScanO: 

- 

I 

MOV 

R2, 

#OxFF 

; ;  Register  of  the  state  Scan  mode 

L 

Scanl_TransO : 

I 

CLR 

TRANS 

; ;  Indicate  data  don*  t  be  read  by  PC 

r 

AJMP 

Pose_Scanl 

0-J 

1 

Scanl_Transl : 

r 

SETB 

Trans 

; ;  Status  of  the  sequencer  =  1 

L 

AOMP 

Pose  Scanl 

0  0 

1 

Pose_Scanl: 

r 

MOV 

R5, 

Scan  Counter  3  ;;  Scan  High  level  bit  counter 

B 

MOV 

R4, 

Scan  Counter  2  ; ;  Scan  Middle  level  bit  covinter 

I 

MOV 

R3, 

Scan_Counter_l-  ; ;  Scan  Low  level  bit  counter 

r 

Pose_Scan2 : 

■ 

DONZ 

R3, 

Pose  Scan2  ; ;  R3  -  1  until  R3  =  0 

B 

DONZ 

R4, 

Pose  Scan2  ; ;  R4  -  1  until  R4  =  0 

1 

DONZ 

R5, 

Pose_Scan2  ;;  R5  -  1  until  R5  =  0 

1 

Scan2: 

E 

CLR 

TRANS 

; ;  Indicate  data  must  be  read  by  PC 

1 

INC 

R2 

/  s 

State  register  -f  1  ^ 

MOV 

A, 

/  / 

R2 

/  / 

; ;  Prepare  new  state  value 

AND 

A, 

tOOOOOOllB 

;;  Masque  all  bits  without  lowest  2  bits 

XCH 

A, 

R2 

; ;  Save  value  in  R2  and  take  old  value 

ANL 

A, 

♦OOOOOIOOB 

;;  Masque  all  bits  without  Bit  2 

RR 

A 

; ;  Shift  right  Bit  2  to  Bit  1 

MOV 

c, 

PO.O 

; ;  Reading  the  data  of  PC 

ADDC 

A, 

#0 

;;  ADD.  R2  write  flag  with  PC  Data 

RL 

A 

;;  Shift  left  to  table  jump 

MOV 

DPTR,  #Selection  Scan  ;;  Initialise  for  table  jump 

JMP 

0A-^DPTR 

;  ;  -'Jun5>  in  the  table 

Selection_Scan:  ;;  CCD  Scan  state  controler 

; ;  table  of  state  function 

•  AJMP  Stop_Scan-  ;  atop -the  .Scan  mode  . 

; ;  Command  0 

■  ■'■■XOMP  'Run_Scan  •  ■}■:  Follow  the-’Se^-mode- funetion  ■ 

■  ;  Command  1 

AJMP. .  .  Stop_Scan  .;;.  Stop  the  Sc^  npde  , 

;  ;  Command  2-  ’  ■  !  " 

AJMP  Write_Scah  ;;  .Transfert  .a  colonne  of -pixels 

; :  Command  3  ■  ‘  . 

Run_Scan:  Etat  01 

■'  ACALX  Readout_Scan  ;-;--Readdng  -of -.the  CCD  •  . 

,  A jl®  Scani_TransO  ;>  =>  Wait  a  pose  time  ' 


stop_scan:, ; 

f  f 

"Etat  10  &  00  ;  . 

SETB 

Trans 

;;  Status  of  the  sequencer  =1 

AJMP 

Low  noise3 

;;  This  is  the  optimized  end.... 

with  the  ouput  of  the  image  on  CCD 
; ;  that  take  about  1  mn 

; ;  and  followed  with  an  init  routine 

Write_Scan: 

}  0 

Etat  11 

ACALL 

Readout 

Scan 

0  0 

Reading  of  the  CCD 

AJMP 

Scanl  Transl 

0  0 

— >  Wait  a  pose  time 

Readout  Scan: 

MOV 

C  Ln  1, 

«0x01 

0  0 

Sets  one  pixel  to  be  read 

MOV 

C  Ln  2, 

#0x01 

0  0 

MOV 

C  R  1  , 

#0x0A 

0  0 

Vidage  2065  pixels 

MOV 

C  R  2  , 

#0x10 

0  0 

AJMP 

Nvert_Scan_Up 

0  / 

;  STARE  BIN  fvmction  wich  add  pixels  in  x  eind  y  axes 
/ 

;  4  Pixels  a  added  in  only  one  pixel 

;  (  We  never  have  used  this  fimction  actually  ) 


Data  in  parameters 


none 


Data  out  parameters  : 


Registers  used 


A  : 
RO  : 


none 


R1 

R2 

R3 

R4 

R5 

R6 

R7 


Stare  Bin: 


ACALL 

AJMP 


Erase 

Exposure_Ab 


-w-r 

.  $  s 


t  t 
t  # 

■#  r 

»  t 
/  / 
/  • 
i  • 

•  '.f 

t  e 
9  9 
9  9 
9  9 
9  9 
9  9 
9  t 
.  f  9 
9  } 
9  9 
9  9 
9  / 


STWIE  AB  exposure  procedure  using  the  upper'^aroplifier- 
Stare  exposure  with  anti  blooming 

Data  in  parameters’  ;  ’ 

none 

-Data  out  parameters  :•  •' 

none 

Registers  used  A  :  '  .  • 

•  RO  - ;  •  ■  -  •  ■ 

R1  : 

R2  :  ■ 

R3  : 

R4  :  ,  . 

R5  ;  ■ 

R6  : 

R7  : 


Stare  Ab: 


ACALL 

Stare_Abl : 

AJMP 


Erase 


Exposure_Ab 


;;  Exposure  Waiting  data  PC  goes  High 
;;  This  is  the  optimized  end.... 

;;  With  the  read  of  the  CCD 
;;  and  the  ouput  of  the  last  pixel 
;;  and  followed  with  an  init  routine 


;  TEMP  Temperature  readout  procediare 

9 

;  Function  which  sets  the  converter  in  cascade  mode,  and 

;  starts  a  conversion  wihch  will  read  the  temperature  probe 
;  The  fisrt  data  conversion  are  lost  to  initialise  the 
;  converter,  only  the  data  issues  of  the  second  conversion 
;  are  send  to  calculate  the  temperature. 


Data- in  parameters 


none 


Data  out  parameters  : 


Registers  used 


RO  :  Number  of  measures 
R1  : 

R2  : 

R3  : 

R4  : 

R5  : 

R6  : 

R7  :  temporisation  counter 


.  Temp: 


. -SETB- 

ACAIL 

..SETB 

■ACkCL 

Teit^l : 

ACADL 

AJMP 

Mes_Temp: 

■  .MOV- 

•  V  .  .  V  ,  •  . . 

Mes_Templ ; 


temperature 


ACALL 

DONZ 

RET 


■  Case  Puts,  the  converter  in  .  cascade  .mode . 

Mes_Teinp  ;;  Initialise  la  mesure  de  la  temperature 
Trans  ;;  On  valide  la  trans^ssion 

Comm  Waiting’ the  card  ready 


Mes_Tenp 

Init 


; ;  Temperature  readout 
; ;  this  is  the  end 


RO  ,  #60  ;;  60  Measures  to  be  done- 


Conv_Low_Noise  ;;  Conversion  and  wait  for  low  noise 

RO,  Mes_Templ  ; ;  D  ->  Compteur  <>  0,  lecture 


I 


JEST  reading  the  CCD  continuous! 

are  send  to  calculate  the  temperature. 

Data  in  parameters  : 


Data  out  parameters  : 


none 


Registers  used 


A  : 

RO  :  Number  of  measures 
Rl  : 

R2  : 

R3  : 

R4  : 

R5  : 

R6  : 

R7  :  tenporisation  coimter 


Test; 


CLR 

CL3 

;  ;  CL3  Low 

XRL 

PI, 

#000001116 

; ;  Change  HI  -> 

H3’  ^ 

NOP 

NOP 

ACALL 

Conv 

’  Low  Noise 

; ;  Conversion  with 

low  noise 

XRL 

PI, 

#000001116 

; ;  Change  HI  -> 

H3 

Test_Video3: 

DJNZ  C_R_2,  Test_Video2 

CJNE  A,  #9,  Test_Video4 

AC3MP  Test_Video5 

Test_Video4: 

XRL  PI,  #000000116  ;;  Change  H3 

Test_Video5: 

DJNZ  OEOH,  Test_Video2  ;  A  -  1  '  ” 

Test  Video6:  ‘  -  ... 


DJNZ 

for  255  lines 

XRL 

DJNZ 


■  Test_Video7 ; 

AJMP 


■  C_Ln_2,  Test_Videol 


Redo  another  line. 


PI,  #000000116  .•  ; ;  Change  H3 

C_Ln_l,  Test_Videol 

; ;  times  6  =.,2048  lines 


Tempi  .  .  ; ;  This  is:  the  optimized  end.  . 

...  With  the,  ouput- of  the- last  pixel 
;;  and  followed  with  an  init  routine 


f  e 

;;  ERASE  sequence,  C_Cn  (  3  x  2048  )  vertical  transfert 
•  * 

; ;  Full  erase  sequence  of  the  CCD  and  lines  all  erased. 


Data  in  parameters  : 

none 

Data  out  parameters  : 

none 

A  : 

RO  ; 

R1  : 

R2  : 

R3  ; 

R4  : 

R5  : 

R6  : 

R7  : 


Registers  used 


/  / 


Erase: 


C_Er_l,  #0x24 
C_Er_2,  #0x00 


C_Cn_x  are  loaded  with  CE 
C  Cn  2  =  256 


MOV 

MOV 


/  t 


ACAll  Vt_Erase  ■ 

Start_Loop_Erase : 

DJNZ  C_Er_2,  Lp_Eras  ;;  256  vertical  transferts 

DJN2  C_Er_l,  Lp_Eras  ;;  x  24  =  6144  vertical  transfert 

SETB  Trans  ;;  On  set  la  trans 

RET 


Flush : 

;;  C  Ne  =  3*2048  =  6144  =  3x0x800  =  0x2400 


MOV  C_Cn_l,  #0x20  ■  ;;  C_Cii_x  are  loaded  with  CE 

MOV  C_Cn_2,  #0x00  ;;  Poursuite  sur  Trans_Hor 


r  / 
#  / 
»  4 
P  4 
4  4 
4  4 
P  4 
t  4 
4  4 
4  4 
4  4 
4  4 
r  4 


•  4 
4  / 
4  4 
4  4 


TRANS^HOR  horizontal  transfer  sequence 

This  function  transfer  the  charges  horizontally. 

Data  in  parameters  : 

none  . 

Data  out  parameters  :  . 

.  ■  ■  -  ■  ■  ■  none 

‘  '*  "'Req'isterS'  used  '  '■  ■  :  •'  *  '  i  -  "• . 

RO  : 

■  Rl  : 

R2  : 

R3.  : 

■  '  R4  : 

R5  : 

R6  : 

R7  : 


Trans  Hor: 


CLR 

NOP 

H2 

4  4 

1 

H2  low 

MOV 

PI, 

#0001il01B 

4  4 

2 

El,  H3, 

OSG,  RG  high 

MOV 

PI, 

#000011005 

4  4 

3 

HI  low. 

RG  low 

MOV 

NOP 

PI, 

#011011105 

4  4 

3 

H2,  CLl 

&  CL3  high 

MOV 

SETB 

PI, 

HI 

#000000105 

4  4 

4  4 

2  H3,  CLl 
HI  high 

fi  'CL3  OSG  low 

Trans  Hor2: 


DJNZ 

C_Cn_2,  Trans_Hor  ; ; 

256  vertical  transferts 

DJNZ 

C  Cn  1,  Trans  Hor  ;; 

X  24  =  6144  vertical  transferts 

ORL 

PI,  #011000005 

RET 

REAIX)OT_DP  chip  fill!  readout  using  the  upper  amplifier 


Notice  that  :  0x0800  =08  *  256  =  2048  Nimiber  of  lines 

0x0810  =  08  *  256  +  16  =  2064  pixels  per  line  ^ 

This  function  transfer  the  lines  and  read  all  the  pixels 
of  each  lines. 


0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 


0  0 
0  0 
0  0 
0  0 
0  0 


Data  in  parameters  : 

none 

Data  out  parameters  : 

none 

Registers  used  :  A  : 

RO  : 

R1  : 

R2  : 

R3  : 

R4  : 

R5  : 

R6  : 

R7  ; 


.  0  0 
0  0 


;;  Note:  CLl  must  be  High  at  the  entrance  of  this  function. 


0  0 

Readout_Up ; 


.  MOV  . 

.•  C  Ln  ly  #0x08 

r  0 

Sets  the  number  of  lines  • 

MOV 

■C~Ln_2,  #0x00 

Vert_Stare_Up ; 

ACALL 

Vt  Read 

0  0 

Vertical  transfert 

MOV 

C_R_2,  #6x10 

' 

Loop_Hor_Stare_Upl : 

CLR 

H2 

0  0 

1  H2  low 

MOV 

PI,  #00011101B 

0  0 

2  HI,  H3,  OSG,  RG  hi^ 

; ;  NOP 

AND 

PI,  #111011106  ;;  3  HI,  RG  low 

MOV 

PI,  #010011106 

0  0 

3  H2,  CL3  high 

; ;  SETB 

CONV 

0  0 

End  of  conversion 

NOP 

CLR 

CL3 

;;  CL3  Low 

MOV 

PI,  #000000106 

0  0 

2  H3,  OSG 

NOP 

CLR 

CONV 

0  0 

Start  conversion 

NOP 

SETB 

CONV 

0  0 

End  of  conversion 

SETB 

HI 

;;  HI  High 

DJNZ 

C_R_2,  Loop_Hor_ 

_Stare_Upl 

Loop_Hor_Stare_Up2 : 

CLR 

H2 

0  0 

1  H2  low 

MOV 

;;  ■  NOP 

PI,  #00011101B 

0  0 

2  HI,  H3,  OSG,  RG  high 

ANL 

PI,  #11101110B  ;;  3  HI,  RG  low 

MOV 

PI,  #010011106 

0  0 

3  H2,  CL3  high 

; ;  SETB 

NOP 

CONV 

0  0 

End  of  conversion 

CLR 

CL3 

0  0 

CL3  Low 

MOV 

PI,  #000000106 

0  0 

2  H3,  OSG 

NOP 

CLR 

CONV 

0  0 

Start  conversion 

NOP 

SETB 

.  CONV 

0  0 

End  of  conversion 

SETB 

DJNZ 


Loop_Hor_Stare_Up3 : 


Loop_Hor_Stare_Up4 : 


DJN2 

Loop_Hor_Stare_Up5 : 


HI  HI  High 

C_R_2,  Iioop  Hor_Stare_Up2  ' 


CLR 

H2 

f  7 

1  H2  low 

MOV 

NOP 

PI,  fOOOlllOlB 

7  7 

2  HI,  H3,  OSG,  RG 

ANL 

PI,  #11101110B 

7 

;  3  HI,  RG  low 

MOV 

PI,  fOlOOlllOB 

7  7 

3  H2,  CL3  high 

SETB 

NOP 

CONV 

7  f 

End  of  conversion 

CLR 

CL3 

7 _ 

;  CL3  Low 

MOV 

NOP 

PI,  #00000010B 

7  7 

2  H3,  OSG 

CLR 

NOP 

CONV 

7  7 

Start  conversion 

SETB 

CONV 

7  7 

End  of  conversion 

SETB 

HI 

;;  HI  High 

DJNZ 

C_R_2 ,  Loop_Hor_ 

_Stare_l^3 

CLR 

H2 

7  7 

1  H2  low 

MOV 

NOP 

PI,  #00011101B 

7  7 

2  HI,  H3,  OSG,  RG 

ANL 

PI,  #11101110B 

r 

;  3  HI,  RG  low 

MOV 

PI,  #01001110B 

3  H2,  CL3  high 

SETB  • 

CONV 

7  7 

End  of  conversion 

NOP 

CLR 

CL3 

; ;  CL3  Low 

MOV 

PI,  #oo6oooiob  • 

7  7 

2  H3/  OSG 

NOP 

CLR 

NOP 

CONV 

f  7 

Start  conversion 

SETB 

CONV 

7  7 

End  of  conversion 

SETB 

HI 

;;  HI  High 

C_R_2,  Loop_Hor_Stare_Up4 


CLR 

H2 

MOV 

PI,  #00011101B 

NOP 

ANL 

PI,  #111011106 

MOV 

PI,  #010011106 

SETB 

CONV 

NOP 

CLR 

CL3 

MOV 

PI,  #000000108 

NOP 

CLR 

CONV 

NOP 

SETB 

■  CONV 

SETB 

HI 

!7  1  H2  low 

;;  2  HI,  H3,  OSG,  RG  high 

;;  3  HI,  RG  low 
; ?  3  H2,  CL3  high 
;;  End  of  conversion 

; :  CL3  Low 
;;  2  H3,  OSG 


; ;  Start  conversion 


DJNZ 


; ;  End  of  conversion 
;;  HI  High 

C_R_2 ,  Loop_Hor_Stare_Up5 


Loop_Hor_Stare_Up6 ; 


CLR 

MOV 

NOP 

ANL 

MOV 

SETB 

NOP 

CLR 

MOV 

NOP 

CLR 

NOP 

SETB 


H2 

PI, 

#00011101B 

f  f 

7  7 

1  H2  low 

2  HI,  H3,  OSG,  RG  high 

PI,  #111011108  ;;  3  HI,  RG  low 

PI,  #010011106  ;;  3  H2,  CL3  high 

CONV  ; ;  End  of  conversion 

PI, 

CL3 

#00000010B 

7  7 

! !  CL3  Low 

2  H3,  OSG 

CONV 

7  7 

Start  conversion 

CONV 


; ;  End  of  conversion 


HI  High 


SETB  HI 

D0NZ  C_R_2,  Loop_Hor_Stare_Up6 


Loop_Hor_Stare_Up7 : 


CLR 

H2 

/  / 

1  H2  low 

MOV 

NOP 

PI,  #00011101B 

f  / 

2  HI,  H3,  OSG,  RG  high 

ANL 

PI,  #111011108  77  3  HI,  RG  low 

MOV 

PI,  #010011108 

3  H2,  CL3  high 

SETB 

NOP 

CONV 

/  # 

End  of  conversion 

CLR 

CL3 

7 7  CL3  Low 

MOV 

NOP 

PI,  #000000108 

2  H3,  OSG 

CLR 

NOP 

CONV 

7  * 

Start  conversion 

SETB 

CONV 

7  7 

End  of  conversion 

SETB 

HI 

77  HI  High 

DJNZ 

C_R_2 ,  Loop_Hor_ 

_Stare_Up7 

Loop_Hor_Stare_Up8 :  , 


CLR 

H2 

7  7 

1  H2  low 

MOV 

NOP 

PI,  #000111018 

7. 7 

2  HI,  H3,  OSG,  RG  high 

ANL 

PI,  #111011108  ;;  3' HI,  RG  low 

MOV 

PI,  #010011108 

7  t 

3  H2,  CL3  high 

SETB 

NOP 

CONV 

7  7 

End  of  conversion 

CLR 

CL3 

; ;  CL3  Low 

MOV 

NOP 

PI,  #000000108 

7  7 

2  H3,  OSG 

CLR 

NOP 

CONV 

7  7 

Start  conversion 

SETB 

CONV 

7  7 

End  of  conversion 

SETB 

HI 

77  HI  High 

DJNZ 

C_R_2,  Loop_Hor_ 

_Stare_Up8 

Loop_Hor_Stare_Up9 : 


CLR 

H2 

MOV 

PI,  #000111018 

7  7 

NOP 

ANL 

PI,  #111011108 

MOV 

PI,  #010011108 

7  7 

SETB 

NOP 

CONV 

CLR 

CL3 

MOV 

NOP 

PI,  #000000108 

CLR 

NOP 

CONV 

SETB 

CONV 

SETB  . 

HI 

DJNZ 

C_R_2,  Loop_Hor_ 

DJNZ 

C_Ln_2,  suitel 

AJMP 

suite 2 

suit.el : 


;;  1  H2  low 

;;  2  HI,  H3,  OSG,  RG  high 

;;  3  HI,  RG  low 
;;  3  H2,  CL3  high 
77  End  of  conversion 

7  7  CI>3  Low 
7  7  2  H3,  OSG 

77  Start  conversion 

7  7  End  of  conversion 
;;  HI  High 

_Stare_Up9 


77  Redo  another  line,  for  255  lines 


AJMP 

suite2 : 

DONZ 

BET 


Vert_Stare_Up 


C_Ln_l,  suitel 


times  8  =  2048  lines 
return  from  subroutine 


; ; Readout_Up : 


/  / 


MOV 

C  Ln  1,  #0x08 

;;  Sets  the  number  of  lines  to 

MOV 

C_Ln_2,  #0x00 

■i 

N\'’ert_Stare_Up : 

MOV 

C  R  1,  #0x09 

: ;  Number  of  pixels  reset 

MOV 

C_R_2,  #0x10 

Nvert_Scan_Up : 

ACALL 

Vt_Read 

; ;  Vertical  transfert 

Nloop_Hor_Stare_Up : 

CLR 

H2 

;;  1  H2  low 

NOP 

MOV 

PI,  #000111018 

;;  2  HI,  H3,  OSG,  RG  high 

MOV 

PI,  #000011008 

;;  3  HI,  RG  low 

MOV 

PI,  #010011108 

;;  3  H2,  CL3  high 

NOP 

NOP 

CLR 

CL3 

; ;  CL3  Low 

MOV 

PI,  #000000108 

;;  2  H3,  OSG 

NOP 

NOP 

ACALL 

Conv  Low  Noise 

; ;  Conversion  with  low  noise 

SETB 

HI 

;;  HI  High 

Nstart_Loop_Hor_Stare_Up : 

DJNZ  C  R_2,  Nloop_Hor  Stare_Up 

DJNZ  C~R_1,  Nloop_Hor~Stare_Up 

Nstart_Loop_Vert_Star6_Up : 

DJNZ  C_Ln_2,  Nvert_Stare_Up 

~  ;;  Redo  another  line,  for  255  lines 

DJNZ  C_Ln_l,  Nvert_Stare_Up 

;;  times  8  =  2048  lines 

RET  ; ;  retxim  from  subroutine 


;  Conv_Low_Noise  function  which  execute  a  starting  conversion 
;  and  wait  to  make  the  minimum  noise  as  possible 

;  Data  in  parameters  : 

;  none 

;  Data  out  parameters  : 

none 

A  : 

RO  : 

R1  : 

R2  : 

R3  ; 

R4  ; 

R5  : 

R6  : 

R7  : 


Conv  Low  Noise: 


Registers  used 


CLR 


,  CONV 


Start  conversion 


ACAIL  Temp_Less_Noise  ;;  Temporisation  for  less  noise  secpience 

SETB  CONV  ; ;  End  of  conversion 

RET 


; ;  VT  ERASE  function  which  execute  an  vertical  transfer 


During  readout  using  the  upper  amplifier,  the  charges  are 
transfered  in  the  2->l->3->2->l->ATGU  direction. 

ATGL  =  0. 


Data  in  parameters  : 

none 

Data  out  parameters  : 

none 

A  : 

RO  : 

R1  : 

R2  : 

R3  : 

R4  : 

R5  : 

R6  ; 

R7  : 


$  / 
/  f 
9  / 
/  / 
f  7 


Registers  used 


Vt  Erase: 


SETB 

Al 

ACALL 

Vide  Hor 

SETB 

A3 

ACALL 

Vide  Hor 

CLR 

Al 

ACALL 

Vide  Hor 

SETB 

A2 

ACALL 

Vide  Hor 

CLR 

A3 

ACALL 

Vide  Hor 

CLR 

RET 

A2 

;;  A1  High 
;;  Al  &  A3  High 
;;  A3  High 
;;  R2  &  R3  High 
;  ;  A2  High 
;;  Every  body  Low 


iT  READ  function  which  execute  an  vertical  transfer 


During  readout  using  the  upper  amplifier,  the  charges  are 
transfered  in  the  2->l->3->2->l->ATGU  direction. 

ATGL  =  0. 


Data  in  parameters  : 

none 

Data  out  parameters  : 

none 


Registers  used  , 


A 


RO 

R1 

R2 

R3 

R4 

RS 

R6 

R7 


Vt  Read: 


SETB 

CLl 

SETB 

A1 

ACALL 

Vt  Tea5>o 

SETB 

A3 

ACALL 

Vt  Tempo 

CLR 

A1 

ACALL 

Vt  Tempo 

SETB 

A2 

ACALL 

Vt  Tempo 

CLR 

A3 

ACALL 

Vt  Tempo 

CLR 

A2 

CLR 

CLl 

RET 

Clamp  High 
;;  A1  High 

;;  A1  &  A3  High 

; ;  A3  High 

;;  A2  &  A3  High 

: ;  h2  High 

;;  Every  body  Low 
;;  Clan^j  Low 


0  0 
0  0 
0  0 
0  0 
0  0 
/  0 


0  0 
0  0 
0  0 

0  0 
0  0 
0  0 


0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 


,EXPOS'URE_AB  exposure  with  the  ant i_b looming  mode 


This  function  does  periodic  A1  and  A2  inversions  while 
checking  the  end  flag  exposure. 

Line  inversion  frequency  =  300  Hz,  C_ID  =  2300  =  OxOBFC 


Data  in  parameters  : 

none 

Data  out  parameters  ; 

none 

Registers  used  :  A  : 

RO  : 

R1  : 

R2  ; 

R3  : 

R4  : 

R5  : 

R6  : 

R7  : 


Exposure_Ab: 

ACALL  Vli  ; ;  Vertical  line  inversion 

MOV  C_Id_l, #0x09 

MOV  C_Id_2,  #0xFC 

Delay_Stare_l : 

DJNZ  C_Id_2,  Delay_stare_l 

DJNZ  ,  C_Id_l,  Delay_stare_l 


JNB 


End_Expo : 


AOMP 

AJMP 


RECV,  Exposure__Ab  ;;  continue 


Stare_Upl 
Low  noisel 


;;  Gestion  comm  et  gestion  du  vidage 
;;  Gestion  comm  et  gestion  du  vidage 
;;  avec  faible  bruit  de  lecture 


t  0 


0 

;  Vli  vertical  line  inversion 
0 
0 

;  This  function  does  periodic  A1  and  A2  for  the 

;  anti_blooming  mode. 

0 

0 

;  Data  in  parameters  : 

;  none 

0 

;  Data  out  parameters  : 

none 

A  : 

RO  : 

R1  : 

R2  : 

R3  : 

R4  ; 

•R5  : 

R6  : 

R7  : 


0  0 
0  0 
0  0 
0  0 
0  0 
0  0 


Registers  used 


0  0 
0  0 


Vli: 


MOV 

C,  A1 

;;  Set  carry  bit  if  P3.0  >==  1 

ORl 

P3,  #00000011B 

;;  7U.  and  A2  set  high 

ACALL 

Vt  Tempo 

0  0 

Waiting  routine  R7  =  0x30 

MOV 

A2,C 

;;  A2  is  set  to  A1  former's  value. 

CPL 

C 

;;  Carry  bit  complement 

MOV 

A1,C 

;;  A1  is  inverted 

BET 

;;  return  from  stibroutine 

;  Ten43_Less_Noise  teit^jo.  to  noiseless  readout  conversion 
0 

;  This  function  use  the  ten?30  function  with  R7  =  9 

;  to  wait  a  readout  pixels  time  of  5  us. 


Data  in  parameters  : 

none 

Data  out  parameters  : 

none 

A  : 

RO  : 

R1  : 

R2  : 


Registers  used 


R3  : 

R4  : 

R5  : 

R6  : 

R7  :  Tempo  counter 


Temp_Less_Noise : 

; ;  Delay  during  vertical  transf ert 
MOV  R7,  #0x03 

AJMP  Tempol  ;  7  Loops  three  times  then  exit 


f  i 

;;  VT_TEMPO  temposisation  for  the  vertical  transfer 

t  t 

it 

; ;  This  function  use  the  tempo  function  with  R7  =  30 

;;  without  reading  the  pixels. 


; ;  Data  in  parameters  : 

; ;  none 

; ;  Data  out  parameters  : 

; ;  none 

f  » 

A  : 

RO  ; 

R1  : 

R2  : 

R3  : 

R4  : 

R5  : 

R6  : 

R7  :  Tempo  counter 
i  i 


/  r 
/  ! 
/  r 
/  / 
/  / 


Registers  used 


Vt  Tenpo : 

; ;  Delay  during  vertical  transf ert 
MOV  R7,  #0x30 

AOMP  Ten?>ol  ; ;  Loops  three  times  then  exit 


7  7  TEMPO  generail  temporisation  for  the  sequencer 

f  i 

7  7  This  function  use  the  tempo  function  with  R7  =  FF. 


Data  in  parameters  : 

none 

Data  out  parameters  : 

none 

A  : 

RO  : 

R1  : 

R2  : 

R3  : 


Registers  used 


R4  : 

R5  : 

R6  : 

R7  :  Tempo  counter 


Tempo: 

; ;  Delay  during  vertical  transf ert 
MOV  R7,  #0xFF 

Tempol : 

DJNZ  R7,  Ten^ol  ; ;  Iioops  three  times  then  exit 

RET 

; ;  return  from  subroutine 


; ;  L0NG_TEMP01  general  temporisation  for  the  sequencer 
/  / 

;;  This  function  use  the  teapo  function  VTith  R7  =  FF. 

t  r 

S  f 

;;  Data  in  parameters  : 

;;  none 

r  f 

: ;  Data  out  parameters  : 

; ;  none 

#  / 

A  : 

RO  : 

R1  : 

R2  : 

R3  : 

R4  : 

RS  : 

R6  : 

R7  ;  Ten^o  counter 


; ;  Registers  used 

/  / 

/  / 

/  / 

/  / 

/  / 

/  / 

/  / 

/  r 


long_Tempol : 

;;  Delay  during  vertical  transf ert 
MOV  R6,  #OxOA 


Long_Ten5>o2 : 

;;  Delay  during  vertical  transf ert 
ACALL  Tempo 

DONE  R6,  Iiong_Tenpo2  ;;  Loops  three  times  then  exit 

RET 

; ;  return  from  subroutine 


; ;  ERROR  general  function  wich  treat  the  errors 


This  function  must  return  A  =  0  to  indicate  an  error 
of  transmission  or  command. 

This  function  is  in  comments  because  it  take  some  place 


and  it  is  not  useful  in  the  real  application. 
We  can  validate  it  to  debug  temporarely. 


/  r 

Data 

in 

parameters 

: 

S  r 

none 

$  t 

f  7 

Data 

out 

parameters 

t 

/  r 

none 

!  r 

0  r 

Registers  used 

:  A 

;  Tramsmission  Return  code 

7  7 

RO 

f  0 

R1 

7  7 

R2 

:  Data  received  is  also  0 

7  7 

R3 

7  7 

R4 

7  0 

RS 

0  0 

R6 

0  0 

R7 

/  / 


Error: 


XRL 

PI, 

ilOOOOOOOB  ;;  D  Set  PI. 7  Indicate  an  Error 

ACALL 

TEMPO  ; ;  D  Wait  for  the  visualisation 

XRL 

PI, 

#10000000B  ;;  D  Reset  PI. 7  after  the  error 

CLR 

A 

; ;  Data  receive  is  00 

MOV 

RET 

R2, 

A  ;;  Sets  R2  to  0  initialisation 

7  7 

CC»<M  communication  routine  with  the  PC 


Function  vftiich  receive  commands  to  the  host  and  permits  to 
rvm  the  appropriate  routine  after  a  correct  reception 

This  function  must  be  followed  by  the  Wait_Zero  function. 

Communication  between  the  PC  and  the  sequencer  is  made 
in  Pulse  Width  Modulated  mode  (  PWM  ) .  ,1s  it  a  single 
wire  communication  protocol.  Bits  are  transmitted  in  a 
three  step  process.  First  communication  bit  is  set, 
second  it  is  either  set  or  cleared,  depending  on  whether 
the  bit  is  high  or  low,  and  finally,  the  communication 
bit  is  cleared,  in  order  to  decode  the  bit,  the  program 
covmts  the  time  when  the  communication  is  high  and  compares 
it  to  the  time  it  is  low.  If  the  first  is  larger  than  the 
second,  then  the  bit  is  a  1,  otherwise  it  is  a  zero.  Bits 
are  rotated  right  in  a  storage  register,  which  after  8 
bits  contains  the  transmitted  byte.  It  is  stored  in  Acc 
before  returning. 

_|  I _ I  This  is  a  zero 


_1  I _ I  This  is  a  one 

till  The  three  time  intervals 

taken  into  consideration 

There  is  a  stop  bit  which  is  used  to  end  the  communication. 
In  case  of  transmission  error  or  timeout,  the  function 
jump  to  the  ERROR  function  that  wait  data  goes  low  and 
return  with  the  falag  A  =  0  and  data  received  R2  =  0. 


r  J 

Data 

in 

parameters  : 

}  / 

none 

/  } 

r  t 

Data 

out 

parameters  : 

r  r 

none  (  Return  after  the 

r  / 

reception  of  a  data  or 

t  / 

time_out  on  single  level 

!  t 

1  t 

Register  A  :  Data  received 

r  } 

or  0  if  error 

0  f 

}  0 

Registers  used 

:  A  :  Counter  of  high  data  level 

}  0 

RO  :  Counter  of  low  level 

r  0 

R1  :  Counter  of  bits  received 

0  0 

R2  :  Byte  received 

0  »' 

R3  : 

0  0 

R4  : 

0  0  • 

R5  : 

0  0 

R6  : 

0  0 

R7  : 

Comm: 

;;  Waiting  for  communication  start 


;;  XRL 

PI,  #00000010B 

0 

:  D  Indicate  waiting  start 

MOV 

Rl,  #0x08 

0 

;  Sets  Rl  to  8  (  bit  counter  ) 

; ;  in  case  of  error 

Wait  Comm; 

; ;  Wait  comm  start 

ONB 

RECV,  Wait_Comm  ; 

;  — >  While  Recv  equals  zero,  wait 

;;  byte 

;;  XRL 

Start  Comm; 

PI,  #00000010B 

0 

;  D  Indicate  start  reception 

/• ;  Bits  are 

coming  ! 

CLR 

A 

;;  Clear  acc.  coxmter  high  level 

MOV 

RO,  A 

0  0 

Clear  RO  counter  low  level 

Bit_High: 

i 

r;  Recv  is  now  high 

DJNZ 

OEOH,  Bit  Highl 

0  0 

— >  Acc  -1,  test  data  if  !=  0 

AJMP 

Bit_Highl : 

Error 

0  0 

— >  Time  out  high  level 

; ;  AJMP 

Bit  High 

0  0 

D  Test  the  high  level  timeout 

JB 

RECV,  Bit_High 

0  0 

— >  Carry  is  high 

Bit_Low: 

0 

;  Carry  just  turned  low 

DJNZ 

RO ,  Bit  Lowl 

0  0 

— >  RO  -1,  test  data  if  !=  0 

AJMP 

Error 

0  0 

— >  Time  out  low  level 

Bit_Lowl : 

JNB 

RECV,  Bit_Low 

0  0 

— >  Carry  is  low 

Calculate  : 

0 

;  Carry  now  high,  bit  transfered 

; ;  XRL 

PI,  #00000100B 

0 

;  D  Indicate  the  end  of  a  bit 

CLR 

C 

0  0 

Clear  Carry 

SUBB 

A,  RO 

0  0 

soustract  both  counts 

MOV 

A,  R2 

0  0 

R2  (  ter^.  reception  byte  )  into  acc 

RRC 

A 

0  0 

rotate  right  through  carry 

MOV 

R2,  A 

0  0 

Put  back  into  R2  till  next  time 

DJNZ 

Rl,  Start_Comm 

0  0 

stop  when  8  bits  have  been  transfered 

Wait_End_Coinm:  ^ 

;;  Because  of  stop  bit,  it  is  necessary  to 
;;  wait  will  Recv  goes  down 

PI,  #00001000B  ;;  D  Set  PI. 3  Indicate  end  comm  routine 

TEMPO  ; ;  D  Wait  the  visualisation 

PI,  #00001000B  ;;  D  Reset  PI. 3 

Wait_Zero  ; ;  wait  till  Recv  is  still  low 

;;  And  return 


XRL 

ACAIL 

XRL 

AOMP 


; ;  WAIT_ZERO  function  wich  wait  data  reception  goes  low 


This  function  wait  reception  data  goes  low  and  wait 
a  time  and  test  another  time  the  reception  data. 


Data  in  parameters  : 

none 

Data  out  parameters  : 

none 

A  : 

RO  : 

R1  : 

R2  : 

R3  ; 

R4  t 
R5  : 

R6  : 

R7  : 


Wait_^2ero : 

; ;  Wait  Code  PC  goes  LOW 


Registers  used 


JB 

ACALL 

JB 

BET 


RECV,  Wait_Zero  ;;  — >  Recv  equals  one,  wait 
Tempo  ; ;  Temporisation 

RECV,  Wait_Zero  ;;  — >  Recv  equals  one,  wait 
;;  Recv  really  at  0* 


